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Wildland fuels have increased during the past 100 years due to fire management policies 
and practices. Fire suppression has caused increased fuel accumulations, which 
contribute to larger, more intense fires that are difficult to control. Fire suppression has 
led to escalation in both the costs and the risks of fire control, while simultaneously 
leading to the deterioration o f  fire-dependent ecosystems. Fire suppression has also 
played a role in changing the species composition within plant communities. This study 
includes how fire regimes and behavior in the Northern Mixed Grass Prairie have 
changed since European settlement, and also the effects of wildfire and fire suppression 
on the ecosystem. Most of this information has not previously been determined for this 
area.
Objectives were to determine fire effects on the different plant communities o f  the 
Northern Vlixed Prairie. Specific objectives were to assess fire effects on relative cover 
values o f  important plant species and how these change in the years following fire. This 
was done primarily through conducting field studies within grass and shrub communities, 
and comparing burned sites to adjacent unbumed sites to determine any differences 
caused by fire. Results show that grass species cover values may show a slight decrease 
immediately following fire, but thereafter cover is generally enhanced. Results also show 
that some undesirable plant species can be effectively controlled through the use of fire, 
while others actually increase in cover following fire. In addition, bums o f different ages 
were compared to determine differences in species cover values along the successional 
path following fire. Results show that species cover values do not vary significantly 
between these successional stages.
Explaining the response to fire by individual range plant species provides land managers 
with valuable insight about fire effects in rangelands, which can be implemented into 
prescribed burning plans. The resulting information is thus a key component o f  the 
scientific basis for fire management throughout the Northern Mixed Prairie.
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INTRODUCTION
Project Justification:
Fire suppression policies originated when Europeans began settling in the west. 
Fire management is based on tire suppression policies - an attempt to protect timber, 
rangeland, property, fences, livestock, and homes from consumption by wildfire.
The last century's wildland tire management policies and practices o f  fire 
suppression have caused problems in terms of the accumulation of wildland fuels, both 
living and dead material. This is a problem not only in our forests, but also on rangelands 
(Gruell et al. 1986). Due to fire suppression and the accumulation of fuels, fires today 
are more likely to be extreme, difficult to control, and even catastrophic. Fire 
suppression has resulted in changes within the plant communities, reflected in the plant 
species present, species nchness, community structure, and biodiversity. Changes in plant 
communities due to tire have an immense effect on possible uses of the land. Through 
fire suppression, vegetation can be altered to the extent that it is no longer feasible for 
livestock owners to graze the land as they have historically done. Major changes in plant 
communities include the encroachment of trees such as ponderosa pine {Pimis 
ponderosa) and Douglas-fir {Pseudotsiiga menziesii) into grasslands, as well as the 
increased density and distribution o f woody shrub species like sagebrush {Artemisia spp. ) 
and juniper {Jimiperus spp.). These changes reflect not only changes in plant species 
present, but also changes in vegetation structure, which in turn affect fuel loading and the 
intensity of wildfires.
Fuel accumulation provides an environment for catastrophic wildfires. 
Consequently, property including homes, bams, fences, and equipment has been
destroyed, and livestock have been killed. Costs and risks of fire control today have 
skyrocketed, risks to human life are higher, and fire-dependent ecosystems have 
deteriorated. It is generally recognized by Congress and the federal and state land 
management agencies, as well as the general public, that accumulation of wildland fuels 
must be reduced to lower human risks and to maintain a healthy, more natural ecosystem.
Growing concern for and a greater understanding of the role of fire in ecosystem 
health have led to an increased interest and realization of the need to evaluate and 
compare the different ecosystems in the Northern Mixed Prairie (See Figure 1), and to 
determine the role and effects o f  fire within plant communities. In addition, as Lyon and 
Smith (2000) explain, "at the site level, managers need better designed, more 
comprehensive studies of fire impacts on quantity and quality of forage". This 
information will allow land managers to better understand the role of fire in these 
Northern grassland ecosystems, and subsequently will help to explain how both the land 
and land managers can benefit by reintroducing fire into these systems.
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NORTHERN
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DakotaMontana
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F igu re  1. Northern M ix e d  Grass Prairie
Background/History:
Various investigators have shown that wildfire was a key environmental factor, 
which helped shape plant communities across North America in primeval times (Gruell 
1980a, Phillips 1962, Swain 1973). Fire, as much or more than any other environmental 
factor, has helped to shape the vast northwestern American grasslands and their 
associated vegetation. Archaeological evidence suggests fire was significant in 
maintaining and expanding the Northern Mixed Prairie grasslands. This includes both 
lightning-caused fires and fires ignited by humans (Kucera 1981, Jackson 1965). 
Daubenmire (1968) stated that a surprisingly large portion of natural vegetation owes 
much o f its character to the frequency of man-induced fires.
Under pristine conditions, grasslands burned on a frequent basis. Some areas had 
a short tire return interval, whereas other areas bumed infrequently. Wright and Bailey 
(1982) reviewed research on fire ecology and prescribed burning in the Northern Mixed 
Prairie, and found that tires were historically quite common in the grasslands. Barker and 
WTiitman (1988) reported that northern prairies bumed about e\ ery 5-7 years. Extensive 
lightning-caused fires usually occurred during drought years following several years o f  
above-average rainfall which allowed for greater fuel accumulation and more continuous 
fuel. Historic fire retum interval under pristine conditions is estimated to have been 5-10 
years in flat to rolling terrain. Historically, tire altered plant communities; fire allows 
certain species and their associated cover to be enhanced, while others undergo reduction 
ensuing fire.
Native Americans also played an important role in shaping the vegetation 
encountered by early European travelers throughout the northwestem United States and 
Canada. Indigenous populations had been using fire to manipulate vegetation for tens of 
thousands o f  years. Lewis (1980) presented considerable evidence that the indigenous 
hunter-gatherer societies often bumed the coniferous forests and prairies in early spring 
to reduce trees and some brush species, while encouraging a diverse mosaic of 
herbaceous vegetation and berry-rich bushes (Flores 1999). In numerous interviews with 
Native Americans, Lewis concluded that many prairies and meadows were bumed 
annually to discourage encroachment of woody species. This suggests that humans’ role 
in suppressing fires today is much different than the role humans played historically - that 
of frequently using fire across the landscape to obtain desirable vegetative changes.
Gruell et al. (1986) reported that several million acres of serai grasslands in Montana 
have been invaded by Douglas-fir and other conifers following fire suppression.
It is clear that fire historically played a role in shaping and maintaining the 
Northern Mixed Grass Prairie ecosystem. There is a need to understand the effects o f  fire 
réintroduction after nearly a hundred years of practiced fire suppression.
The Grass-Fire Environment:
Grassland terrain is characterized by rolling uplands with few breaks in 
topography. It is relatively distant from water sources and often has high winds - leading 
to low humidities. These characteristics accentuate the flammability of materials and the 
likelihood of an ignition leading to an actual wildfire (Kucera 1981). Wells (1970) 
explains that dried grasses and weather patterns in mixed prairie regions during late 
summer and early fall create a suitable condition for a grass fire environment.
Fire Effects:
Species - The majority o f  the grassland species in the Northern Mixed Grass 
Prairie are perennials with relatively large, live, below-ground biomass. These below- 
ground parts are essentially unharmed in a grass fire, as the soil generally does not 
achieve a detrimental increase in temperature (Scotter 1970). Above-ground annual 
growth dies back each year, becoming a combustible source of fuel. Burning may 
consume the above-ground portions of the plant and cause a decrease in forage 
production for the year of the bum. However, plants generally recover to pre-bum levels, 
if protected from grazing, within a couple years following a fire; fire can even enhance 
plant growth. Plant response to fire is contingent on available moisture. Dry years
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following a burn may lead to a decrease in plant growth and vigor, whereas adequate 
moisture years following fire can lead to an increase in production of forage due to 
reduced competition and removal o f  excess litter accumulation (Smoliak 1956). Burning 
when the plant is in fruiting stage, because the root reserves are low at this time, may 
cause the plant more harm than if the bum occurred later in the season after the plant has 
replenished its carbohydrate supply (Wright and Klemmedson 1965).
Young and Evans (1978) found that fire generally leads to an initial decrease in 
herbage production, followed by an overall long-term increase in herbage production.
This is partially due to reduced competition with shrubs. Wright (1974b) explains that 
burning can be used to increase herbage yields, increase utilization, increase the 
availability o f  forage, control undesirable shrubs, provide a mineral seedbed for planting, 
and control various diseases (e.g., liver fluke and brownspot). All these benefits may be 
achieved with a single bum. However, because bumed areas offer lush, palatable, and 
nutritious new growth, grazing animals focus on these areas. Grazing a bumed area too 
soon following a fire lessens the plants’ ability to regain vigor and growth (Wright 
1974b).
Succession - Joyce (1989) explains that plant communities’ responses to 
disturbance, such as fire, are a function o f  the development and past management of the 
ecosystem. The recovery path may be similar to the original path of ecosystem 
development, especially if conditions are similar to those that existed when the ecosystem 
was developing (i.e., the periodicity of fire), and if the past management practices have 
not greatly altered the system by such things as introduction of weedy species or 
overgrazing.
Clements (1916) describes succession as a directional process driven by the 
effects o f  dominant plants on their environment. Secondary succession occurs following 
some sort o f  disturbance such as fire or overgrazing. The structure and composition of 
early successional communities is determined largely by climate, history, and available 
seed sources. In grassland fires, the perennials present before a bum can regenerate the 
year following fire if the belowground biomass remains unharmed. By competing with 
subordinate species, dominant plants determine the distribution of lesser species. 
Precipitation plays a chief role in the path of succession following fire; the rate of 
succession is generally slow in a series of years with low precipitation, but the rate can be 
amplified during years of favorable growing conditions (Holechek et al. 1998). 
Subsequent disturbances, such as grazing immediately following a bum, can inhibit 
growth and recovery of plants, and slow the process of succession.
The succession model in Figure 2 illustrates the factors affecting the range trend 
of a site. In moving from early successional stages toward climax condition, adequate 
rainfall and natural successional tendency promote an upward trend, while drought and 
disturbance, such as grazing pressure, cause the site to relapse into an earlier successional 
stage. Poor range condition is associated with the earlier successional stage; excellent 
ranee condition is associated with climax conditions.
A b o ve-a vera ge  rainfall
Success iona l tendency
Vegetation
Drought
Grazing Pressure
Poor condition "4- 
earl\ succes ional
heavily-grazed
Condition  scale Excellent condition
climax
un grazed
F ig u re  2. S u ccess io n  m odel featuring rainfall variability' and grazing pressure. (Source; W estob y  et al. 
1989).
Ground Cover - Fire removes litter accumulation, releasing nutrients from dead 
plant material into the soil, and thus making the nutrients available to live plants.
Removal o f  litter accumulation on a site followed by a dry year can lead to increased bare 
ground, which is at a higher risk o f  eroding. However, litter removal followed by 
average moisture years allows plants access to more nutrients and sunlight, which 
enhances growth and vigor. Then as the plants become dormant at the end o f  the 
growing season, the current year's growth dies and falls or is trampled to the ground, thus 
adding a protective layer of litter.
Fire In the Northern Mixed Grass Prairie Today:
Humans have changed the role we play in interacting with the prairie ecosystem. 
No longer do Native Americans exert a major influence, as they historically did, on the
Great Plains. Thus, we have lost one of the primary ignition sources that originally 
promoted fire-maintained grassland communities.
A shift from nomadism to a sedentary lifestyle on the Northern Great Plains has 
also led to changes across the landscape. Permanent structures stand erect, roads divide 
the land in a criss-cross pattern, farmers plow extensive acres of cropland, and free- 
roaming bison have been replaced with domestic livestock. Each of these alterations 
plays a role in the changing fire regime. Roads, towns, and plowed fields all act as 
firebreaks, not allowing wildfire to spread over the vast acreage it historically bumed. 
Landowners are protective of their land and property, unwilling to risk loss o f  property 
through consumption by wildfire. And finally, cattle are fenced in, leading to 
overgrazing on some parcels o f  land, thus reducing the flammability and fuel build-up 
necessary for the ignition and spread o f wildfires.
Suppression is currently the management practice adopted by land managers in 
response to wildfires. Vast grasslands that were originally formed in part by fire, then 
maintained for thousands of years by both wildfire and human-caused tires, are now 
changing due to the intensive tire suppression policies of the past 100 years.
Plant community' structure is being altered with concomitant changes in forage 
production (Kucera 1981). In the Northern Mixed Grass Prairie, invasion o f  woody 
species into grasslands has occurred. High frequency of grassland wildfires historically 
prevented encroachment of woody species into grassland communities. Hill (1971) 
explains that the ecological effects o f  fire in grasslands are inseparably related to grazing. 
In overgrazed areas there is less chance of ignition; thus, fire frequency decreases as 
grazing reduces fuel potential, and as more woody species encroach. Past and current
overgrazing coupled with fire suppression practices have led to woody species gaining a 
foothold. This not only alters the composition of original grassland communities, but 
also causes a problem for landowners raising livestock. They are consistently losing 
desirable forage species to less desirable woody invaders. This in turn can lead to 
overgrazing o f higher value forage plants, thereby reducing fuel build-up and chance of 
ignition, which further allows for increased encroachment of woody species.
The future o f our northern grasslands is threatened. The current situation 
demands immediate attention. In order to protect the Northern Mixed Grass Prairie 
grassland communities, it is essential that an understanding be gained o f not only the 
historic fire regime, but also o f  the implications of re-introducing fire to these 
ecosystems. The first step in this process is determining the response o f  individual plant 
species (and plant communities as a whole) to fire.
Factors Determining Fire Effects on Plants:
Season o f bum, fire intensity, and differences in phonological development are 
important factors affecting a plant's response to fire (Penfound and Kelting 1950, Smith 
1960. Anderson 1965, Vogl 1965, Owensby and Anderson 1967, Wright 1969). This is 
true for plant response in both the season o f and the season following the bum. The rate 
of succession following a fire does not heavily depend on the season of bum or tire 
intensity, but rather those factors that affect plant succession in general -  site 
characteristics (moisture, soil), site history (grazing history, disturbance regime), and 
species present (available seed source). Therefore, the season of bum and fire intensity 
were not recorded in this study. The following sections include information from other 
studies where growth stages of the plant and season o f  the bum were looked at more
10
specifically. Hopefully, the combination o f  describing individual plant characteristics, 
showing data from previous studies, and looking at the data from this study can achieve a 
greater understanding of fire effects on plants and plant communities.
Fire Effects on Individual Plant Species - Using Fire as a Management Tool:
Desirable Range Forage Species - Desirable range forage plants include many 
species o f  grasses, as well as some forbs and a few shrubs. Grass species are the focus of 
this study. The list includes Agropyron spicatiim  (bluebunch wheatgrass), Stipa viridiila, 
(green needlegrass), Agropyron smithii (western wheatgrass), Koeleria cristata  (prairie 
Junegrass), Bouteloua gracilis (blue grama), Agropyron cristatum  (crested wheatgrass), 
and Poa sandbergii (Sandberg bluegrass).
These species are termed desirable as they provide adequate ground cover when 
present in a healthy, mixed stand, and as they provide livestock with valuable nutrients 
and energy. The grass species are mainly native grasses; however, crested wheatgrass is 
introduced. Because these grasses are desirable, promotion of their growth and vigor is 
often a goal o f  land managers. Fire can be used in some situations for this promotion.
Grasses respond to fire depending on their growth form and their stage of 
development when the fire occurs. Mid grasses, short grasses, cool and warm season 
species initiate growth at different times in the spring, may become semi-dormant in the 
summer months, and some may initiate new growth with adequate moisture in the fall, 
while others dry up and become dormant at the end of summer. It is important to look 
individually at species in order to understand their growth stages so as to use fire in the 
proper season to promote growth in those grasses found most desirable.
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W estern W heatgrass - Western wheatgrass {Agropyron smithii) is a native, cool 
season, long-lived perennial grass (Quinnild and Cosby 1958). It grows in grassland 
communities as well as sagebrush/grassland types (Reitz and Morris 1939). It can be 
found in pure stands, but more often grows mixed with other grasses. It is a codominant 
in many grass and grass/shrub habitat types. In the Northern Mixed Grass Prairie western 
wheatgrass occurs as a dominant with blue grama, needle-and-thread, green needlegrass, 
Junegrass, and big and little bluestem.
Western wheatgrass commonly grows in thick layers of silt deposited by flooding 
along ephemeral creeks (Baker and Kennedy 1985). It is also found on well-drained 
sites: it grows in mesic areas, swales, ridgetops and coulee bottoms. It is tolerant o f  
periodic flooding, poor drainage, or dry soils (Bultsma and Haas 1989). It grows in 
medium to heavy textured soils, and clay soils, but does not do well in sand. It is also 
tolerant of saline to alkaline soils (Bultsma and Haas 1989).
Western wheatgrass reproduces mainly vegetatively, although it can spread by 
seed as well (stands are slow to develop from seed). It is an aggressive sod-forming 
grass, with an abundance of long, branched rhizomes. The roots can penetrate the soil as 
deep as 7 feet. Western wheatgrass is drought tolerant, mainly due to its extensive root 
system, which also makes it a good soil binder (Bultsma and Haas 1989). It occurs in all 
seres, but as it is present in many climax plant communities, it is frequently described as 
a "late successional species”’ (Quinnild and Cosby 1958).
Although the leaves are coarse, western wheatgrass is very palatable, and is one 
o f  the primary grasses eaten by cattle in the Northern Mixed Grass Prairie. As plants 
become coarser in late summer, palatability declines. This grass is highly nutritious, and
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is rated as good energy value and fair protein value (Dittbemer and Olson 1983). Degree 
o f  use has been rated as good (elk, cattle, horses), fair (sheep), or poor to fair (mule deer). 
Western wheatgrass can tolerate moderate grazing, and is a decreaser on upland sites in 
dry regions. When it is mixed with taller or more palatable species western wheatgrass 
may increase in response to grazing; when it is mixed with shorter grasses and warm 
season species, it may decrease.
W estern W heatgrass Fire Effects - Western wheatgrass is generally unharmed 
by tire. Variable responses by season of bum have been reported. In the Northern Mixed 
Grass Prairie, western wheatgrass responded best to late summer t'lres. Spring burning, if 
done before new growth is initiated, can also enhance western wheatgrass forage 
production. Although the height of plants is reduced by burning at all dates, plants 
usually increase in number (Dittbemer and Olson 1983).
In westem South Dakota following early spring buming, yield and density of 
westem wheatgrass were increased (Bone and Klukas 1990). Prescribed buming on a 
ridge and in a meadow in the prairie grasslands of South Dakota was used to control 
ponderosa pine encroachment and to evaluate the effects of buming in different seasons 
(Gartner 1975). Burn treatments included an early fall buming, a winter buming, and an 
early spring buming. The density o f  westem wheatgrass was greater on all bumed sites 
compared to the unbumed control site.
Fire generally does not harm westem wheatgrass during any season, although 
fires occurring in spring after initial plant growth has begun may slightly reduce westem 
wheatgrass production for that growing season only. However, in areas with rainfall less 
than 15 inches annually, burning westem wheatgrass ranges in late summer has led to a
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reduction in herbage yield (Coupland 1973). Fire in areas with average annual rainfall 
above 15 inches tends to enhance forage production of western wheatgrass, and bumed 
areas become attractive to livestock. Following fire, westem wheatgrass recovers more 
rapidly on ungrazed pasture than on grazed areas (Clarke et al. 1943).
Bluebunch W heatgrass - Bluebunch wheatgrass {Agropyron spicatum) is a 
native, cool season perennial grass growing 12-30 inches tall. It appears in many 
habitats, including sagebrush, pinyon-juniper, ponderosa pine, and grassland types 
throughout the west. This grass requires nearly full-sunshine and well-drained loam soils 
that are moderately coarse (Hickman 1975). It grows under a wide range of elevation, 
from 300-5000 feet. Bluebunch plants do not flower and produce seeds annually; 
reproduction is mainly through tillering (Mack and Thompson 1982). Bluebunch has a 
massive root system, which can reach as deep as 6 feet. The roots have a heavy 
endodermis, a waxy layer that prevents desiccation in dry soil conditions; this allows the 
plant drought-resistance (Harris and Goebel 1976). Bluebunch can establish on newly 
disturbed sites by tillering, and because of its mass flowering response following tire, it is 
thought that it also establishes from seed (Agee 1996). It is also found in late 
successional plant communities.
Bluebunch wheatgrass is not a highly preferred species, but can be a cmcial 
source o f  forage (Hurd and Pearse 1944). Bluebunch is a decreaser. It can tolerate 
moderate grazing only when it is not in a growth stage; the plant is extremely sensitive to 
defoliation during growth stages (Harris and Goebel 1976). Plants which are lightly 
grazed produce higher growth than ungrazed plants (Ganskopp and Bedell 1980).
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Bluebunch, although a good source of forage, is less palatable than other range species 
such as western wheatgrass, slender wheatgrass, and exotics western wheatgrass, 
orchardgrass, and smooth brome. Degree o f  use has been rated by Ganskopp and Bedell
(1980) as high (cattle, horses), good (elk, mule deer), or fair (sheep).
Bluebunch W heatgrass Fire Effects - Although above ground plant material 
may be consumed in a fire (tops bum quickly due to coarse stems and minimal leafy 
material), bluebunch wheatgrass usually survives fires because its buds are underground. 
Timing o f the bum affects the plant's response. While actively growing, bluebunch 
suffers damage from fire. However, when dormant, it suffers little damage (MeShane 
and Sauer 1985). Buming stimulates flowering and seed production (Agee 1996), and 
therefore can promote growth. Although initial reduction in growth occurs the year 
following the tire, subsequent years sustain increased productivity (Thompson 1990). 
Robberecht and Defosse (1995) determined that one o f  the most important factors 
affecting the ability o f  bluebunch to recover from fire is the availability o f  moisture 
following the bum, regardless o f  season. Britton and Clark (1978) found that the season 
o f buming affects mortality. On sites which bumed in May, 40% plant mortality 
occurred; June-burned plants suffered 10% mortality, and following an October fire, all 
plants on site survived . Three years following a bum in Idaho sagebruslVbunchgrass 
range, the area was producing as much or more bluebunch wheatgrass as the prefire 
conditions (Blaisdell 1953).
Fire may initially harm bluebunch wheatgrass, but in the years following a burn 
the plants regain vigor and fire may enhance reproduction. Grazing following a bum 
causes increased defoliation, and plants may suffer higher mortality.
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Blue Grama - Blue grama {Boiiteloua gracilis) is a warm season, native, 
perennial. It is a short grass and occurs throughout the Great Plains. It is widely 
distnbuted in many grassland types, as well as sagebrush, desert shrub, pinyon-juniper, 
and ponderosa pine communities, and is considered a climax indicator. Blue grama is 
found on dry, open grass or sagebrush plains, foothills, ridges, and uplands (Cronquist et 
al. 19771 It grows well in soils in which water percolates slowly, particularly sandy 
loam, sandy, or gravelly soils (Cronquist et al. 1977). Blue grama reproduces by seed, 
rhizomes, and tillers (Coupland and Johnson 1965). It begins growing in May or June 
with the onset of summer rains, and is green through much of the summer. During 
drought periods it becomes dormant, but will green up when adequate moisture is 
received (Cronquist et al. 1977). Roots are fine, fibrous, and widely spreading.
Abundant roots grow from short rhizomes and thick, dense sod mats are formed 
(Coupland and Johnson 1965). The longevity o f blue grama is unknown.
Blue grama is considered a highly palatable grass, and remains so through the fall 
and winter when the plant is mature and dried (Weaver and Albertson 1956). It is rated 
fair in protein and energy value. The degree o f  use by animals in several western states is 
rated by Dittbemer and Olson (1983) as good (cattle, sheep, horses) or poor (elk, mule 
deer, white-tailed deer). Blue grama is very tolerant o f  grazing and trampling, and is 
considered an increaser. This is partially due to its vigorous root system, and the 
presence o f  leaves growing close to the ground, which mainly are left ungrazed.
Blue Gram a Fire Effects - Blue grama may be harmed, invigorated, or 
unaffected by fire depending on season of burning, soil moisture, temperature, and fire
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severity. As blue grama is dormant during the hottest, driest part of summer as well as in 
cold winter months, fires occurring at these times cause minimal harm to this species 
(Wliite and Currie 1983). Fire may top-kill the plants, but the rhizomes are usually 
unharmed, and can reestablish. Spring fires generally reduce blue grama yield, but plants 
usually recover within the same year or subsequent years thereafter. WTiite and Currie
(1981) warn that buming blue grama in drought years should be avoided lest productivity 
will harshly decline. A rest period of several months allows plants to better recover than 
on sites that are grazed immediately following a bum (Wright 1974a).
Overall buming of blue grama range does not generally reduce production o f this 
plant unless it is during a period o f initial growth or a drought year. Fires occurring when 
plants are dormant followed by adequate rainfall years produce blue grama yields similar 
to pre-bum levels.
Prairie Junegrass - Prairie Junegrass (Koeleria cristata) is a native, cool season, 
perennial bunchgrass. It is a dominant species in many Northem Mixed Grass Prairie 
range tvpes, and acts as a serai-recolonizer in sites suffering effects of drought (Weaver 
1968). It is found in scattered stands in a majority of the upland and high-prairie systems 
including a wide range of plant communities and soil types. It reproduces by seed and by 
sprouting from the residual plant. The root system concentrates just below the soil 
surface, and reaches a maximum depth of just over two feet (Clarke et al. 1943). Prairie 
Junegrass is utilized by all classes of livestock and several wildlife species (Mueggler and 
Stewart 1980). It develops early in the season, providing good spring forage. It is rated
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good in energy value, but poor in protein value. Palatability and degree of use are rated 
by Dirtberner and Olson (1983) as good (elk, cattle, sheep, horses) or fair (mule deer).
Prairie Junegrass Fire Effects - Prairie Junegrass’ response to fire is related to 
fire intensity, season of the bum, and subsequent precipitation events (Habeck 1980). 
Tops of plants are usually killed by fire, but low intensity fires do not damage 
underground plant parts. In general fires occurring when the plant is dormant (fail, 
winter, and early spring) or semi-dormant (late summer) do not harm Junegrass plants. 
Late spring or summer bums will reduce plant growth for that year, but in the following 
year average or above average growth is maintained. Junegrass can even be said to have 
a positive response to fire. In eastem Idaho sagebrush/grass range, winter and early 
spring fires resulted in sagebrush reduction, which allowed Junegrass to produce 
substantially more herbage than on unbumed sites (Blaisdell 1953). Prescribed buming 
on bluestem pasture in eastem Kansas determined that fires occurring in early, mid, or 
late spring, and late fall enhance Junegrass populations for as long as five years following 
the bum (Aldous 1934).
Assuming that moisture availability is sufficient following bum years, it is 
apparent that fire can be used to promote herbage production of prairie Junegrass.
Sandberg Bluegrass - Sandberg bluegrass [Poa sandbergii) is a cool season, 
short-lived perennial bunchgrass with a shallow root system. On dry sites it grows in 
small tufts with only one or two culms, but on more productive sites grows in large 
tussocks reaching a foot in diameter (Tueller 1962). It occurs throughout the westem and 
Great Plains states on flats, ridgetops, slopes, meadows, and open timberline. It grows in
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open to partially shaded areas, but will reduce drastically if shaded out by other plants. It 
prefers rich clay loam soils, but commonly inhabits shallow, rocky, or sandy soils: it 
usually grows in well-drained soils. Sandberg bluegrass has a shallow root system, 
allowing it to compete with deeper-rooted perennials in areas receiving limited moisture 
or frequent light rains (Passey et al. 1982). It completes spring growth relatively early so 
as to make use of the moisture while it is available (Blaisdell 1958). Sandberg bluegrass 
regenerates by seed (it produces a signitlcant amount of seeds in most years) and tillering 
(Kellogg 1985). It is a co-dominant in many grassland communities.
Sandberg bluegrass can be a valuable forage species as it is widespread and 
highly drought-resistant. It matures early and remains green for a shorter time compared 
to other bunchgrasses. Energy content is rated as fain but protein content tends to be 
poor ( Dittbemer and Olson 1983). Degree o f  use by livestock and wildlife is rated as 
good (cattle, sheep) or fair (elk, mule deer, horses). Sandberg bluegrass increases in 
response to grazing pressure (Tueller 1962).
Sandberg Bluegrass Fire Effects - Sandberg bluegrass produces minimal litter, 
is dormant by the time most wildfires occur in the summer, and therefore is generally 
unharmed by fires (Pechanec et al. 1965). However, accumulation of excess litter around 
the base o f  the plants can lead to a more intense fire, and thus more harmful effects.
By reducing competition with other grasses and eliminating the shading effects of 
shrubs, fire often enhances Sandberg bluegrass. As Sandberg bluegrass often occurs in 
areas with big sagebrush, studies showing increased Sandberg bluegrass production after 
fire may be a result o f  sage mortality and thus decreased shading and decreased 
competition. Wright and Klemmedson (1965) bumed individual sandberg bluegrass
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plants in an area in southern Idaho. Treatments included burning in June, July, or August 
at two different temperatures. Results depicted no signitlcant change in basal area o f  
plants under any of the treatment conditions.
It appears that in areas where big sagebrush is abundant, tire can be used to 
decrease sage and simultaneously increase Sandberg bluegrass. In range types absent of 
big sagebrush, and harboring more desirable forage plants in addition to Sandberg 
bluegrass, buming does not harm sandberg bluegrass and it may give Sandberg bluegrass 
an advantage over other grass species, especially if grazing exceeds moderate levels.
Green Needlegrass - Green needlegrass {Stipa viridula) is a native, cool season, 
long-lived, perennial bunchgrass. It is found mainly east of the Continental Divide from 
as far north as Canada south into New Mexico. It occupies a wide range o f elevations in 
semi-arid climates, growing best in areas with average precipitation of 10-26 inches. It 
grows on foothills, open hillsides, and upland plains sites, and in mountain meadows, 
canyons, and woodlands. It initiates growth early in the spring and grows in a variety of 
soil types. It is tolerant of heavy clay soils, and is less common in sandy soils and loams 
(Wasser 1982). This grass regenerates from seed and through tillering (Meier and 
Weaver 1997). The roots of green needlegrass are fibrous, well branched, and reach a 
depth o f 4 to 5 feet (Wasser 1982). It is fairly tolerant of drought, but does not grow well 
in areas shaded by shrubs or trees (Meier and Weaver 1997). In parts of the Northem 
Mixed Grass Prairie green needlegrass is considered a major species of the climax 
vegetation, accompanying westem wheatgrass, blue grama, needle-and-thread, and
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threadleat sedge. It is also an early serai species on disturbed sites (Meier and Weaver 
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Green needlegrass is deemed good forage based on nutritive content, palatability, 
and dependability as a forage supply (Morris et al. 1950). It is moderately to highly 
palatable year round to cattle, sheep, horses, and elk. It is of lesser food value to mule 
deer and white-tailed deer (Dittbemer and Olson 1983).
Green Needlegrass Fire Effects - Response of green needlegrass to fire depends 
on season of bum; it may increase or decrease on a site depending on the phenological 
stage o f  the plant at the time of the bum (WTiisenant and Uresk 1990). Different studies 
have resulted in varying data conceming the response of green needlegrass to fire. The 
tops of the plant are generally killed by fire, and severe fires may kill the entire plant. 
Whisenant (1990) studied an April prescribed bum in South Dakota and found it to cause 
a significant decrease (2/3) in standing green needlegrass for three seasons following the 
bum compared to unbumed plots. A June bum on a Northem Mixed Grass Prairie site in 
South Dakota containing excessive litter led to reduced growth of green needlegrass 
plants for that year. However, the following year green needlegrass returned to normal 
production (Engle and Bultsma 1984). Many o f the variances may be due to site-specific 
characteristics or precipitation events following the bum. Spring buming decreases plant 
production at least for that year, but under good moisture conditions, the plants recover 
within the next few years as suggested by Engle and Bultsma (1984), who found that 
buming may be useful in reducing the amount of litter on a site and thus allowing 
increased plant production in the years following.
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Crested W heatgrass - Crested wheatgrass [Agropyron descrtorum) is a cool 
season, perennial bunchgrass introduced from Russia. It has been planted in the westem 
United States to reseed unproductive farmland and as forage for livestock. It is found 
throughout the arid and semi-arid regions of the West, and is most common in the 
noithem Great Plains (Shiflet 1994). Crested wheatgrass is resistant to drought and cold, 
and is a very long-lived plant. It remains productive for more than 30 years; a crested 
wheatgrass stand in southeastern Alberta was determined to be over 40 years old, and in 
some plant communities in the United States stands over 30 years old have been 
identified (Johnson, K.L 1986). Crested wheatgrass thrives in medium-textured soils, 
from sandy loams to clay loams, but does not do well in loose sandy soils, heavy clays, 
and saline soils (Shiflet 1994). It reproduces by seed or vegetatively through tillering. 
Seedlings are hardy, vigorous, easily established, and produce a deep finely-branched 
root system (Johnson, D.A. 1986). Crested wheatgrass thrives in areas with around 15 
inches o f  precipitation. On areas with higher moisture it is a poor competitor (Shiflet 
1994). In arid and heavily grazed areas crested wheat allows little establishment of 
native species. On healthy native ranges rhizomatous native grasses compete well with 
crested wheatgrass.
Crested wheatgrass is highly palatable and nutritious, yielding high supplies of 
green forage in the spring (Mayland 1986). It matures and becomes fibrous in early 
summer, becoming less palatable and less nutritious throughout the summer months. In 
areas with sufficient fall moisture, crested wheatgrass may green up after summer months 
o f  semi-dormancy (Mayland 1986). Use of crested wheatgrass (mainly in the spring) by 
animals in the west is high (elk, cattle), medium (sheep), or low (mule deer).
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Crested W heatgrass Fire Effects - Crested wheatgrass bums quickly; there is 
little heat transfer into the ground, and although aboveground biomass may be consumed, 
below ground plant parts usually remain unharmed. Hence crested wheatgrass is 
classified as “undamaged ’ or “slightly damaged” by fire (Pechanec et al. 1954). On the 
other hand, while fall bums occurring while plant is dormant can reinvigorate a stand, 
spring fires can decrease yields for several years (Bradley et al. 1992).
Adhering to literature findings, fire can be used in the fall to increase yields o f  
crested wheatgrass the following year, and may be used in the spring to reduce vigor o f  
crested wheat prior to interseeding a mixture o f  more desirable range forage plants.
Undesirable Range Plants - Rangelands throughout the West are at risk of 
invasion by undesirable plant species. These plants are categorized as 1) undesirable - in 
terms o f specific management goals, 2) weeds - any plant growing out of place, or 3) 
noxious weeds - non-native plants introduced to an area through human actions, and due 
to their aggressive growth and lack of natural enemies, are highly destructive, 
competitive, and difficult to control (Lincoln County Noxious Weed Control Board 
2001). Each state has developed and implemented programs to control the spread of 
noxious weeds. Montana’s Growth Policy Resource Book (2000) states one o f  the 
primary goals of community planning is the control and eradication of noxious weeds.
Fire is used as a control mechanism for many undesirable plants; however, it must 
be used in accordance with the desired response for each species. Fire is truly effective 
only for those that do not resprout, although it can be used in successive years in order to
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prevent sprouting species from establishing aboveground biomass. The timing of the 
bum also must be taken into account to provide the best means of control.
Land managers must tind means to prevent initial establishment, and also to 
control those areas that have already been invaded. Overall, successful control o f  the 
undesirable species included in this study means reducing plant numbers on a site to a 
condition harboring a mixture or mosaic o f different species -  patches where the plant 
has been excluded, and patches where it can be found sporadically within. The 
undesirable plants included in this study are: Sarcohatus vermiculatiis (greasewood). 
Opuntia polyacantha (prickly pear cactus), Artemisia cana (silver sage). Artemisia 
tridentata wyomingensis (big sagebrush), Artemisia frigida  (fringed sage), Selaginella 
densa (clubmoss), and Bromus Japonicus (Japanese brome).
The response of each species to buming must be determined, in order to adopt fire 
as a management tool. And as was mentioned earlier, the effect of fire as a management 
tool for specific plant species depends not only on the fire intensity and behavior, but also 
on individual plant characteristics. These will be examined for each plant, and combined 
with studies o f  responses by plant communities to prescnbed buming, it will be 
determined for each species whether fire can be used as an effective control mechanism.
Silver Sagebrush - Silver sagebrush {Artemisia cana) is a native, long-lived, 
aromatic, deciduous shrub growing 3 to 5 feet tall. It occurs in select plant communities 
throughout the Great Plains. It is found in the plains grassland type, as well as in 
sagebrush communities, and ponderosa pine habitat types. It typically grows in wetter 
sites such as floodplains, basins or along drainageways (Beetle 1977). Silver sagebrush
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is adapted to these riparian sites of the Great Plains, which are characterized by coarse, 
well-drained soils. The plants prefer sites influenced by a high water table, making water 
accessible to the plants during the growing season, even when rainfall is limited (Johnson 
19/9). Silver sagebrush is commonly found scattered along well-drained uplands, 
however it occurs in greater numbers and density on valley bottom sites (Beetle and 
Jolinson 1982).
Sih'er sagebrush is capable of reproducing both sexually and vegetatively, 
although vegetative regeneration is the primary mode of reproduction. Its ability to 
reproduce vegetatively distinguishes it from most other drrc/72/xm species (Harxey 1981). 
Plants are capable o f  spreading through layering, rhizomes, and root sprouting (Pechanec 
1965 ). Layering occurs almost exclusively in sites subjected to flooding, where silt 
deposits cover the lower branches. Root sprouting also allows the plant to regenerate. 
Harx ey (1981) uprooted silver sagebrush plants in Montana and found the tap root of one 
plant extending horizontally for 29.5 feet before turning doxvnward. This root remained 
xvithin 2 inches o f the soil surface and had 14 sprouts arising from it. All o f  these sprouts 
had grown adventitious roots and were apparently self-supporting. It is apparent that the 
extensive root systems of these plants allow it to spread beyond the original plant, and to 
compete with other plants for moisture and nutrients. It has also been documented that 
silver sagebrush produces allelopathic chemicals. Mature stands of silver sagebrush 
indicate climax condition. Plants are established during early serai stages, and then 
continue to exist xvhile other plants come in successionally (Walton et al. 1986).
Livestock and big game species may use silver sagebrush for winter browse, and 
in some areas it is an  important food source for these animals during winter months.
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Pronghorns may browse on silver sage during summer months as well (Beetle 1977).
The nutritional value of silver sagebrush is rated as fair in energy value, and fair to good 
in protein value (Dittbemer and Olson 1983). The degree of preference for animal 
species is rated as good (mule deer, horses), fair (elk, cattle, sheep), or poor (white-tailed 
deer). However, for the most part livestock focus on the species growing in the 
understory ot the silver sagebrush communities. But as it generally increases in response 
to grazing, dense stands may fomi where the understory species have been depleted -  
thus making it a primar\' candidate for slirub control on these specific sites.
Silver Sagebrush Fire Effects - Unlike most oihtx Artemisia species, silver 
sagebrush is somewhat resistant to fire-caused mortality. In general, following a fire, 
silver sagebrush resprouts vigorously via root sprouts and rhizomes (Young 1983), and 
prebum coverages are rapidly regained (Wright et al. 1979). However, research 
indicates that the response of the plant depends on the fire behavior and intensity. As the 
bum intensity and severity increase, plant mortality increases and regrowth decreases 
(White and Currie 1983a). Mortality is also directly related to the season o f the bum.
WTiite and Currie (1983b) conducted a study comparing spring and fall bums on 
comparable grassland sites in eastem Montana. One bum took place in the spring when 
soil moisture was high. Prescribed buming consisted of a headfire with low winds and 
ambient air temperature of 70 degrees F. Almost all o f the plants were top-killed, most 
survived and resprouted. Due to abundant available moisture, plants grew vigorously 
after the bum and prebum conditions were rapidly regained. The second prescribed bum 
occurred in the fall under dry conditions with ambient air temperature again at 70 degrees 
F and low winds. A slow-buming backfire was used, thus increasing the severity of harm
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caused to the plants. Under dry fall buming conditions, fire seemed to be a more useful 
tool in reducing silver sagebrush numbers and coverages. The plants suffered greater 
mortality following fall buming.
In the spring prescribed bum of low intensity and low severiiy only 33% of the 
totally consumed plants were killed, with less than 10% of partially consumed plants 
being killed. In the fall prescribed bum of low intensity and moderate severity, 75% of 
the totally consumed plants were killed, with an additional 40% of the less thoroughly 
burned plants also dying.
Management implications hence conclude that in order to reduce the numbers and 
density' of silver sagebrush plants on a site, fall buming is an effective control method.
Fringed Sage - Fringed sage {Artemisia frigida) is a native, low, mat-forming 
perennial subshrub with a woody base and herbaceous annual stems. It occurs in a 
number of grassland, shrubland and dry coniferous habitat types, but achieves greatest 
abundance in the plains regions (Mueggler and Stewart 1981). It occurs on dry open sites 
in foothills, mountains, and plains. It is best adapted to dry rocky plains sites with full 
sunlight and deep or shallow porous soils of coarse gravel, sand, or shallow loam (USDA 
For. Serv. 1937). It is tolerant of weakly saline soils, as well as weakly acidic to 
moderately basic soils. Fringed sage favors open, exposed, disturbed sites, but can also 
grow in partial shade. It can be found on a variety o f  landscape features including rolling 
uplands, ridges, upper slopes, breaks, summits and bottoms.
Fringed sage spreads via seeds. It produces an enormous amount o f  seeds, 
enabling it to spread and invade new sites. Plants have a deep and extensive root system.
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Taproots develop where deep moisture penetration occurs, but on sites with high surface 
moisture, no taproot is developed (Coupland and Johnson 1965). Just beneath the soil 
surface, fringed sage produces a fine network of fibrous roots.
Fringed sage is found in both serai and climax communities. It is a subdominant 
in some areas of the Northern Mixed Grass Prairie. Cattle, sheep, and goats use fringed 
sage to some degree, but is usually not preferred if other more palatable species are 
available. This is partially due to the volatile oil content in the leaves of the plant, which 
deters grazing (Cooperrider and Bailey 1986). Fringed sage is rated fair in energy values 
and fair in protein values. Palatability is rated by Cooperrider and Bailey (1986) as good 
(elk. mule deer), fair (sheep), or poor (white-tailed deer, cattle, horses). Fringed sage 
responds to grazing by increasing, and may replace more desirable forage plants, hence 
the need for controlling this plant on native ranges. After heavy grazing on one site, 
fringed sage increased rapidly for ten years, and then decreased in the next 15 years to 
levels similar to that o f  lightly grazed range.
Fringed Sage Fire Effects - The response of fringed sagebrush to fire varies. It 
can reestablish a burned site either from seeds that survived the fire or from seeds 
dispersed from off-site. In some locations, including southern British Columbia and east- 
central Alberta, fringed sage is a weak sprouter (Cawker 1983); sprouting is apparent 
following low-intensity, low-severity fires. In North Dakota, Montana, and Canada 
following spring fires, decreases in frequency and cover of fringed sage was noted 
(Wright and Bailey 1982, Bailey and Anderson 1978). In severe tires where above 
ground foliage is entirely consumed, fringed sage may be seriously damaged or killed 
(Bailey, A.W. 1978).
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Due to its low palatability and the ability of fringed sage to produce an abundance 
o f  seeds, fringed sage is an undesirable range forage plant. Fire may reduce the number 
and vigor o f  plants on site, but light to moderate grazing practices are more effective 
control methods to prevent the establishment and spread of fringed sage on a site.
W yom ing Big Sagebrush - Wyoming big sagebrush {Artemisia tridentata 
wyomingensis) is a long-lived native shrub. Technically it is an evergreen, but it often 
displays semi-deciduous habits. It is fairly drought tolerant and occurs on drier sites 
throughout the West. It is generally found on frigid, mesic, and xeric soils o f  silt, clay, 
skeletal, or mixed textures (Francis 1983, Hodgkinson, 1989, Win ward, 1983). It grows 
with soil pH in moderate ranges of both acidity and alkalinity (Holland 1986). Big sage 
is common on foothills, undulating terraces, slopes, and plateaus, and it also occurs in 
basins and valley bottoms (Dorn 1988, Hodgkinson 1989).
Wyoming big sagebrush reproduces solely by seed (Beetle and Young 1965). 
Beginning at the age o f  3-4, the shrubs produce large quantities of small seeds (McArthur 
et al. 1977, Tisdale et al. 1969). Seeds are dispersed mainly by the wind, with some 
spread occurring due to animal dispersal or waterways (Goodwin 1956, Shaw and 
Monsen 1990). Seeds need bare soil in order to establish, hence the greater density of 
stands on sites that have been overgrazed.
Wyoming big sagebrush is a mid- to late-seral species (Eddleman and Doescher 
1978, Francis 1983, Sturges 1994). The root system o f big sagebrush is shaped like an 
hourglass. It is well-developed and extends deep into the ground with many laterals and 
one or more taproots (Fernandez and Caldwell 1975). Because of the root system shape.
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it is able to draw water and soil nutrients from a range of depths. It is also very 
competitive with the perennial bunchgrasses on a site, with the shallow roots competing 
directly for water, nutrients, and space. Wyoming big sagebrush is a mid- to late-seral 
species (Eddleman and Doescher 1978, Francis 1983, Sturges 1994).
Wyoming big sagebrush is a preferred browse species for big game animals (Bray 
et al. 1991, Peek et al. 1979), and sagebrush communities are important winter ranges for 
these animals (McArthur et al. 1977, Mueggler and Stewart 1981. Tweit and Houston 
1980). It also provides critical habitat for sage grouse. Livestock may browse on big 
sage, but for the most part they use it only lightly if palatable herbaceous species are 
available (Ngugi et al. 1992, Sheehy and Winward 1981). However, big sagebrush has a 
bitter taste due volatile oils, specifically the compound coumarin, present in the plant's 
leaves; this deters livestock browsing to some extent (Wambolt 1996, Welch et al. 1986). 
The nutritional value of big sagebrush is actually quite high, but because o f  its bitter 
taste, it is used minimally by livestock (Mozingo 1987).
Since sagebrush is not preferred by livestock, and because it competes directly 
with desirable bunchgrasses for soil water and nutrients, some means of control is 
necessary. This is true especially for sites having a pure stand of sagebrush rather than 
scattered plant intermixed with more desirable herbaceous species.
Big Sagebrush Fire Effects - As was mentioned earlier, big sagebrush 
reproduces by seed, and is not a sprouting species. Therefore, fire kills sage plants, and 
acts as a viable method of control (Peek et al. 1979, Eichhom and Watts, 1984). 
Wyoming big sagebrush ignites readily and produces an intense tire if continuous fuel is 
available (Mozingo 1987, Neuenschwander 1980, Vincent 1992). Because sagebrush
does not usually occur in dense stands, an herbaceous understor>' is necessary to carry the 
fire. Wliere there is insufficient grasses growing between sage plants, a fire is unable to 
spread. Contrarily, where sufficient fuels exist in the understoiy. fire is carried through 
the site, killing those sagebrush plants that are ignited. After a fire has bumed through an 
area, it may take 10-20 years for big sagebrush to reappear on a site. It is not an initial 
colonizer, but will re-establish eventually via seeds from unbumed plants on the site.
Sites generally need to be bumed every 15-30 years to control big sagebrush (Schlatterer 
1973 ). On the other hand, if complete kill is achieved on a particular site, a healthy grass 
community is established, and the site is thereafter grazed properly, the bare ground 
necessary' for seedling establishment should be minimal, and the bunchgrasses should 
dominate the site.
Buming is the oldest method o f big sagebrush control in the West, and it is still 
effective and relatively inexpensive (Schlatterer 1973). Buming is also a favorable 
control mechanism because it does not generally harm the grasses and forbs on the site, 
whereas both mechanical and chemical methods may cause some harm to these species.
Japanese Brome - Japanese brome {Bromus japonicus) is an exotic, annual grass. 
It is an extremely aggressive invader, and has gained a foothold in many plant 
communities in the West, including prairie grasslands, pinyon-juniper types, sagebrush 
steppe, and desert shrub-grassland communities.
Japanese brome is able to establish on a variety of soils -  sand, silt, clay, and 
claypan - but apparently is intolerant o f  alkaline soils. Fine-textured soils and a good 
litter cover enhance Japanese brome growth. It is particularly favored by conditions of
disturbance, such as those produced by overgrazing, cultivation, or fire. It acts as both an 
early serai invader and a climax dominant where it has outcompeted the native 
vegetation. With an adequate seed source and available moisture, it is able to overtake 
disturbed native perennial grassland sites and sagebrush communities (Young et al.
1976k
Japanese brome generally germinates in the fall, and grows rapidly until 
temperatures become too cold. Root elongation is rapid after germination, continuing 
through the winter, and reaching development by spring. This allows the Japanese brome 
plants to utilize available soil moisture earlier in the spring than the native species, which 
develop at a slower pace. Roots are generally shallow, but can reach several feet deep 
into the soil (Hulbert 1955). Japanese brome is a prolific seed producer, allowing it to 
establish a site beginning in late summer when the seeds are mature and are dropped from 
or pulled by livestock from the plant.
Japanese brome provides late fall and spring forage for livestock, but as it matures 
its nutritive value drops rapidly (Vallentine 1961). Spring production is substantial if 
moisture is available, but plants have generally completed their growth cycle by mid 
summer, and are no longer a valuable source of nutritive feed. Japanese brome has been 
rated for degree of palatability by Dittbemer and Olson (1983) as fair (cattle, sheep, 
horses, elk) or poor (mule deer, white-tailed deer). As Japanese brome is an invasive 
species that is capable of overtaking native desirable vegetation site, and because it is not 
considered valuable feed for most of the year, there is strong desire for land managers to 
control it.
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Japanese Brome Fire Effects - Japanese brome, an annual grass, completes its 
lifecycle in the late spring before dry summer weather begins. WTien it dries out it 
becomes extremely flammable, and is capable of carrying a fire. Fires consume the dried 
plants. But in the summer months when natural fires usually ignite, the seeds have 
already been dropped into the litter layer and generally remain unharmed as the fire bums 
over. This allows Japanese brome an advantage in reestablishing the site after a fire, as 
there is much bare soil, and a viable seed source ready to germinate (Whisenant 1990). 
Rapid growth and vigorous reproduction assure Japanese brome dominance on the post­
bum site.
Because Japanese brome is very flammable, and because it remains a fire hazard 
for a longer period o f time than perennial grasses, it is desirable to control Japanese 
brome sites so that summer fires do not lead to further Japanese brome invasion.
Fire is an effective method of controlling Japanese brome if it is used during the 
proper season (Gartner 1975). Spring fires, buming Japanese brome sites before the 
seeds have reached maturity, leads not only to mortality of the plants, but also can bum 
the seeds before they are allowed to fall onto the soil. This is successful only when the 
fire consumes the seeds, so there needs to be sufficient fuels to carry an intense fire. A 
follow-up treatment of summer fallowing or buming again the following spring may be 
necessary to kill all o f  the plants, as some viable seeds may already be in the soil from the 
year previous to the tirst bum.
Overall it appears that fire can be used successfully as a control mechanism 
against Japanese brome. However fuel loading and timing of the burn are crucial; spnng
buming with sufficient fuels provides effective control, whereas fall buming leads to 
further Japanese brome invasion.
Plains Prickly Pear Cactus - Plains prickly pear cactus {Opuntia polyacantha) is 
a native, perennial forb/shrub usually growing low to the ground, and spread out in mats 
that may reach several yards in diameter (Benson 1982). The pads are covered with 
barbed spines. Prickly pear is found on drier plains sites, foothills, and the lower 
mountains. It ranges throughout the Great Plains, the Great Basin, and the Southwest 
(Benson 1982, Houston 1963). It grows best on level or gentle slopes, and occurs on a 
wide range o f soils, from dry, gravels and sandy soils to day  loams and heavy clays. It 
grows fairly well on saline soils. Prickly pear is found in greater numbers on soils with 
poor permeability (Dittbemer and Olson 1983).
Plains prickly pear has a widespread lateral root system, which generally grows in 
the first few inches o f  soil. These laterals can extend outward up to 6 feet in diameter 
(Tumer and Costello 1942). Prickly pear regenerates by seeds, adventitious roots, and 
root buds (Turner and Costello 1942). Seeds are spread by birds and small animals 
(Houston 1963, Weaver 1956). In younger plants the primary means of regeneration is 
vegetative -  occurring through the spread o f rhizomes and root sprouting (Dittbemer and 
Olson 1983, Harvey 1936, Tumer and Costello 1942). Pads can develop new root 
systems, and do such when they maintain sufficient contact with the soil beneath them. 
This is an effective way for the cactus to spread. Prickly pear spreads in dry years, taking 
advantage of the light rains that occur before the deeper-rooted grasses have access to the 
moisture (Weaver 1968). Prickly pear decreases in wetter years because o f  its
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susceptibility to damage by several insects and pathogens that flourish during wetter 
times. It is not found in areas with abundant soil moisture (Tumer and Costello 1942). 
Prickly pear is scattered throughout numerous serai and climax communities. During 
periods of drought or overgrazing it can increase greatly and may become a dominant in 
grassland communities (Tisdale 1986).
Prickly pear cactus is undesirable because it invades overgrazed rangeland (due to 
the bare ground available and the ability o f  the pads to grow adventitious roots). It is 
ineffective in terms o f protecting the soil from erosion. In some areas the presence of 
pnckly is an indicator of poor range condition (Tumer and Costello 1942). Prickly pear 
can reduce both the production and availability of forage. The spines of the plant 
mechanically restrict grazing by both wild game and domestic stock. Although in 
emergency situations, the spines can be bumed off so that animals may graze the plant. 
The nutritional value of cactus is rated fair in energy value and poor in protein value 
(Dittbemer and Olson 1983). Palatability is rated as poor for cattle, sheep, horses 
pronghom, elk, and mule deer. The nutritive value o f  cactus is less significant than the 
preference or palatability, as the spines restrict the animals from consuming the plant in 
general.
Prickly Pear Fire Effects - Mechanical means of controlling cactus are for the 
most part ineffective, as the uprooted or overtumed pads can grow new roots. Chemical 
means have proven effective (Thatcher et al. 1964). Fire may be used as a control 
mechanism, but the outcome is determined by fire intensity (Humphrey 1974). This 
cactus is relatively susceptible to fire. It can reoccupy a site after a bum by sprouting 
from the surviving root crown or by adventitious root sprouting by the remaining pads
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(Humphrey 1974). Fire intensity is partially determined by the available fuel, and the 
effect o f  fire on cactus is related to the proximity o f  available fuel (Smith et al. 1985).
The succulent pads and stems o f the cactus are not combustible, so without sufficient 
fuel, the plants will suffer little damage (Humphrey 1974). On sites where fuels are 
abundant, an intense fire is produced and this damages or kills the pnckly pear plants.
Fire not only weakens the prickly pear, making it more susceptible to damage by insects 
and disease, but also destroys the spines, making the pads available to browsing animals 
(Reynolds and Bohning 1956). In Wyoming, Smith et al. (1985) attributed the mortality 
o f  the cactus to dehydration following the burn rather than from direct fire effects.
Overall, fire can be used as management tool for controlling prickly pear, but it 
isn't nearly as effective as chemical control. This is due to the fact that in most cases i.e.; 
light to moderate fires, prickly pear can sprout from the root crowm and pads can sprout 
new roots. Low mortality is likely if the bum occurs near a precipitation event; the pads 
can use the soil surface moisture to sprout new roots, and the root crown can resprout 
following fire especially if there is adequate moisture available.
Black Greasewood - Black greasewood {Sarcobatus vermiculatiis) is a native, 
long-lived, winter-deciduous shrub. It grows on dry, sunny, flat valley bottoms, in 
ephemeral stream channels, and on lowland floodplains (Roundy et al. 1981). It can be 
found scattered throughout an area, or grow in dense stands. The density is relative to the 
saline content o f  the soil. In high saline areas, greasewood is found in nearly pure stands, 
and on less saline soils, it can grow with grasses and other shrubs (McArthur et al. 1978). 
Black greasewood communities generally occur below the moister silver sagebrush
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communities (Roundy et al. 1981). Greasewood is found on moist, saline loamy soil 
(Rickard 1967). However, it can also grow on coarse-textured non-saline soils. It grows 
abundantly on outcrops o f  alkaline shales with little soil development (Smith 1966). It is 
also found in dense stands in areas with a seasonally high water table (Young et al. 1977). 
Greasewood can grow in a wide range of climatic conditions, but most commonly is 
found in areas with hot, dry summers.
Black greasewood grows well in saline soils; salt is taken up by the plant and 
concentrated in the leaves. When the plant sheds its leaves each winter, large amounts of 
sodium is deposited into the soil under the canopy (Rickard and Keough 1968). The 
sodium accumulation may eventually alter the soil chemistry, making it difficult for less 
saline-tolerant plants to grow.
Greasewood reproduces both vegetatively and sexually. Some seeds are produced 
annually, but abundant seeds are produced only on occasional years. There seems to be a 
relationship between disturbance and the number of seeds produced by greasewood 
plants. It has been reported by Roundy et al. (1981) that black greasewood is a poor seed 
producer on undisturbed sites. They further found that only 20 percent o f  the plants on 
undisturbed sites produced seed, with an average total of less than 20 seeds per plant. 
However, where 30 percent of black greasewood had been killed, resprouted plants 
produced an average o f  250 seeds. It can compete after disturbance, and is also dominant 
in several early serai communities.
Black greasewood contains substances which are poisonous to livestock when the 
plant is eaten in large quantities (Whitson, 1987). Consumption o f the plant has caused 
mortality in vast numbers of sheep, but cattle are rarely poisoned (Stubbendieck et al.
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19S6). Death in sheep occurs if 2 pounds of greasewood leaves are eaten, whereas cattle 
can eat 3 to 4 pounds before they die (Whitson 1987). Toxicity increases as the plant 
matures, but concentrated spring feeding on the leaves and young stems can also cause 
illness or death (Sabo et al. 1979). However, as greasewood is not a preferred species bv 
livestock, it a greasewood site contains more palatable plants, livestock will generally 
avoid it and concentrate on preferred species. Greasewood branches also have spines, 
which inhibit livestock browsing. It does, however, provide some forage for pronghom 
and mule deer (McArthur et al. 1978).
The nutritional value o f  greasewood is rated fair in both protein and energy value 
(Dittbemer and Olson 1983), but as was stated earlier, the spines and toxins in the plant 
devalue it as a good food source. Palatability of black greasewood has been rated as fair 
(pronghom), poor to fair (sheep, horses, mule deer, white-tailed deer, domestic goats), or 
poor (cattle, elk).
As is obvious, greasewood is not highly palatable, and is used only minimally by 
most animals. It can be an important browse species for some wild animals during the 
fall and winter, particularly if there is no other vegetation available. But greasewood 
increases in response to grazing (Mueggler and Stewart 1980), so caution should be used 
when grazing livestock on ranges susceptible to greasewood invasion.
Black Greasewood Fire Effects - Black greasewood has been found to sprout 
following disturbance, application of herbicides, and after fire (Whitson 1987). Many 
greasewood communities have insufficient fine fuels growing in between the shrubs to 
carry a fire. If indeed a fire burns through a greasewood community, the plant is only 
slightly harmed if at all damaged by fire.
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Black greasewood sprouts vigorously from the stem base or roots following a 
bum {Daubenmire 1970). The plants have exhibited an increased growth rate and 
increased seed production following herbicide application or fire (Roundy et al 1981).
Although the majority of studies have shown that greasewood is relatively 
unharmed by fire, the degree of damage may be directly related to the season o f buming. 
fuel loading, and fire intensity. Following a fall bum in Wyoming, it was noted that the 
greasewood plants exhibited much greater mortality than would have been predicted on 
the basis of its ability to resprout vigorously. The Fire was fairly intense due to high fuel 
loading (Smith 1966).
It can be concluded that in general fire is not an effective means for reducing or 
controlling greasewood populations. On the other hand, if an intense fire is produced on 
a site, the greasewood plants may suffer some hami.
Clubmoss - Clubmoss {Selaginella densa) is a native, evergreen, nonflowering 
herb, which forms a dense mat along the soil surface. It spreads outward, rarely growing 
taller than one inch. Clubmoss grows mainly in grassland communities extending from 
Alaska to Califomia and as far east as the Dakotas. It is common in the Northem Mixed 
Grass Prairie, and can even be found as a codominant (Campbell et al. 1962). It is most 
often found on open, dry, shallow, rocky or gravelly soils, as well as medium texture 
soils and sandy loams. It rarely grows on clay or sandy soils (Van Dyne and Vogel 
1967).
The roots o f  clubmoss are fine and branched, and form a tangled mass. They 
generally do not extend more than two inches into the soil (Coupland and Johnson 1965).
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Due to the shallow root system, clubmoss is able to withstand drought. The dense mats 
and extensive roots take advantage o f  light rainfalls, and soak up the water before it 
reaches the deeper roots of bunchgrasses. Clubmoss is thus able to grow and spread 
laterally in dry years. However, it is unable to compete with plants during years of 
normal rainfall, and it is not found in wetter areas where competing plants are not water- 
stressed. During high intensity storms, these matted plants increase water infiltration and 
protect against surface erosion caused by runoff.
Clubmoss regenerates sexually through production of spores. Because 
fertilization requires water, the habitat o f clubmoss is thus restricted (Bold et al. 1980). 
Clubmoss provides good soil protection, however, it has very poor forage value, and 
competes with more desirable species, leading land managers to implement control 
measures. Grazed areas often have less clubmoss than protected areas due to extensive 
trampling o f the plants (Coupland 1950). However, overgrazed areas may harbor 
clubmoss, as competition between other plants is greatly reduced, and clubmoss plants 
are able to withstand disturbance, and regenerate when moisture is available.
The energy and protein value of clubmoss is poor, and palatability and use are 
rated by Dittbemer and Olson (1983) as poor for cattle, sheep, horses, elk, mule deer, and 
white-tailed deer. A Montana study observing grazing habits of livestock concluded with 
the fact that domestic animals had never been observed grazing on clubmoss (Van Dyne 
and Vogel 1967).
Clubmoss Fire Effects - Clubmoss often grows in areas with sparse vegetation, 
where there is scarce fuel to carry a fire. However, in areas with sufficient fuels, fire 
reduces clubmoss, and in areas with abundant fuels, fire can completely remove clubmoss
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from a site (Rowe 1969). A study comparing unbumed and burned stands o f  mixed grass 
prairie in Manitoba found fire to reduce clubmoss by over 50 percent, and two fires on a 
site led to a reduction from 14.9 percent to 2.3 percent clubmoss (Wilson and Shay 1990). 
A similar study in western North Dakota found the frequency of clubmoss was reduced 
by fire on sites that had burned from 3 months to 4 years before sampling (Dix 1960).
Fire can effectively reduce or eliminate stands of clubmoss. Control mechanisms 
would be most successful if subsequent years provided average rainfall, allowing 
desirable vegetation to recover. Drought years would lead to prolonged recovery of 
desirable vegetation, and give clubmoss an advantage at recolonizing the site by onsite or 
offsite spores.
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FOCUS AND PROJECT OBJECTIVES
This thesis is a component of a project involving the School of Forestry at the 
U nn ersity o f  Montana, the Bureau of Land Management, U.S. Fish and Wildlife Service, 
U.S. Forest Service, and the Bureau of Indian Affairs. It is funded through the Joint Fire 
Science Program.
The main focus o f this thesis is to study the effects of fire on grass and shrub plant 
communities in the Northern Mixed Prairie and to assess the effectiveness of fire as a 
management tool in: 1) promoting or sustaining the growth of desirable forage species, 
and 2 ) reducing the presence o f  undesirable plants ie: woody vegetation, invasive weeds, 
and plants of minimal forage value.
Objectives'.
Objectives are to describe the effects o f  fire within the Northern Mixed Grass 
Prairie through measurement o f  relative percent cover of individual plant species on 
burned sites compared to similar unbumed areas. Furthermore, plant succession paths 
will be ascertained by categorizing areas based on bum dates. The objective is to 
determine whether fire causes immediate and/or long-term changes in Northern Mixed 
Grass Prairie communities based on individual plant species' response to fire. Specific 
objectives are to determine:
1) Im m ediate  effects o f  fire on individual plant species, expressed as relative 
cover values for selected species within the major range types.
2) Long-term  effects o f  fire on plant species; i.e. the successional path a species 
undergoes following fire, depicted as changes in plant species cover over time.
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Hypotheses:
Objective 1 :
Hi: There is a significant difference in average cover values of 
individual plant species between an area burned by wildfire and 
an adjacent unbumed area.
Ho: There is no difference in average cover values of individual plant 
species between an area burned by wildfire and an adjacent 
unbumed area.
Objective 2:
H i : There is a significant difference in average cover values o f  
individual plant species between bum ed sites o f  different age classes.
Ho: There is no difference in average cover values of individual plant 
species between bumed sites of different age classes.
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M ATERIALS AND M ETHODS
Sfiuiy Area:
This study encompasses the central portion of the Northern Mixed Grass Prairie. 
The Northern Mixed Grass Prairie, described by Gould (1968) and Holechek et al.
( 1998), is that portion of the Great Plains which includes the western half of North and 
South Dakota, the eastern two-thirds of Montana, the northeastern one-fourth o f  
Wyoming, southeastern Alberta and southern Saskatchewan (See Figure 1). It harbors 
short, mid. and tall grasses as well as both cool season and warm season grasses. Under 
climax conditions, cool-season mid grasses dominate the extensive grasslands.
Land-Siirface Form - The tablelands o f  the Great Plains (See Figure 3) slope 
gradually eastward down from an altitude o f  5,500 feet near the foot of the eastern base 
of the Rocky Mountains to an elevation of approximately 1,500 feet where the plains 
meet the lowland country of the Central States (Bailey, R.G. 1978).
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Figure 3. Map o f the Great Plains. (Source: Atwood 1940).
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The Noitliem Mixed Grass Prairie is characterized by rolling plains. Scattered 
buttes and plateaus rise from the plains, breaking up the seemingly flat terrain. Coulees 
and dry valleys give the land more depth, and serve as water paths during flash flood 
penods. Water, in the form of creeks, rivers, and lakes, is scarce throughout much o f the 
Northern Mixed Grass Prairie. Isolated mountain ranges dot the area located just east of 
the Rocky Mountains and become scarce further eastward. Mountain ranges include the 
Highwoods, Big Snowy Mountains, Bear Paws, Little Rockies, Judith Mountains, 
Sweetgrass Hills, and several other small mountain ranges of Montana, and the largest 
outliers, the Black Hills, o f South Dakota and Wyoming. All of these mountain ranges 
were created by the same forces that made the Rocky Mountains. Some are uplifts, and 
others are of volcanic origin (Weaver and Albertson 1956).
As the Northern Mixed Grass Prairie extends further east, the land becomes more 
rugged. Along the Missouri River and Musselshell River in the eastern part o f  Montana 
the rolling hills transform into ' ‘breaks'’ country. This part of the prairie is characterized 
by rougher topography with broken hills and ravines. VvTiereas the gentle rolling terrain 
further west offers greater feed for livestock, it also lacks natural protection for animals 
from the weather. Natural shelter for livestock is provided by the rougher terrain of the 
breaks. A similar rugged landscape, the badland formations, extends into the western 
parts o f  North Dakota along the Little Missouri River and in South Dakota southeast of 
the Black Hills. The badland formations are a result o f extreme water erosion 
accompanied by wind erosion, a consequence o f  the removal of nearly all o f  the 
vegetation. The original plains surface has been destroyed, giving way to bare or 
sparsely vegetated tablelands with steep side slopes (Weaver and Albertson 1956).
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Nearing the northern boundary of the United States and into Southern Canada, the 
topography continues to roll gently, and there are many undrained depressions containing 
lakes or swamps (Atwood 1940). At the northern edge of the Canadian prairie, the plains 
give way to a moister forest-type. On the southern border lies the Southern Mixed Grass 
Prairie, which due to the warmer temperatures in the region, is composed of 
predominantly warm season species.
Climate - In the West, temperature and seasonality patterns are strongly correlated 
with latitude, elevation, and distance from the Pacific Ocean (Thompson et al. 1993). 
Precipitation in the Northern Mixed Grass Prairie is associated with migratory low- 
pressure cells moving eastward in the spring, fall, and winter. The climate o f  the 
Northern Mixed Grass Prairie is strongly influenced by the Rocky Mountains lying 
directly to the west. The Rockies form a rainshadow over the plains resulting in aridity in 
the interior region.
Climatic conditions in the Northern Mixed Grass Prairie region are extreme.
There is much fluctuation in wet and diy' trends. In summer, hot days cede cool nights. 
Average frost-free period ranges from less than 100 days in the Canadian region, up to 
140 days in the southern portion of the Northern Mixed Prairie. The first frost in autumn 
usually occurs in early September, and the last freeze before the growing season occurs 
from early May to early June (Holechek et al. 1998). Winters are long and severe, bearing 
chilling temperatures, and strong winds often accompanied by snow. Arctic air moves in 
from the north, causing periods o f  extreme cold. Cold periods alternate with milder 
periods resulting when westerly winds are warmed as they move down the east slope of 
the Rockies (USDA Soil Conservation Service 1993).
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In a dry climate the annual losses o f  water through evaporation at the earth's 
surface exceed annual water gained from precipitation. This creates a deficiency in 
moisture. Arid and semi-arid climates are included in the dry climate classification 
(Bailey, R.G. 1978).
The climate o f  the Northern Mixed Grass Prairie is a semi-arid continental 
regime. This region receives a yearly average of 10-20 inches of rain with great armual 
flucmations (Garrison et al. 1977). The majority of precipitation occurs in spring months 
in the form of rain. Rain that falls in heavy showers and thunderstorms loses much o f its 
water to the soil. Substantial amounts of rainfall occurring in light showers are lost 
through evaporation due to the characteristic wind and bright sunshine of the plains.
Slow steady rains encompassing several-day periods are less common. But as much of 
the precipitation falls at night when temperatures and evaporation are lowest, sufficient 
rainfall soaks into the soil for plant growth. Hail is also common in this region, and is 
capable o f  destroying valuable crops. The overall amount of precipitation during spring 
and early summer months exceeds the amount o f  evaporation during this period. 
However, as summer presses on and precipitation events become scarce, evaporation 
exceeds precipitation and many plants complete their life cycle and become semi- 
dormant.
Rogler and Haas (1947) studied relationships between precipitation/soil moisture 
and range production in the Northern Mixed Grass Prairie. They found that soil moisture 
in the preceding fall correlates with forage yield the following year; additionally growing 
season moisture has a pronounced effect on yield. Smoliak (1956) conducted a study in 
southern Alberta determining the influence o f  climatic factors upon range forage
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production. Smoliak (1956) found that May plus June precipitation was more closely 
related to forage production than any other factor within that climatic region. Normal or 
above-average rainfall in the spring initiates new plant growth and almost ensures a 
reasonable growth o f native forage, even though summer months become dry (Weaver 
and Albertson 1956).
Precipitation is often poorly distributed, and while one area of the Northern 
Mixed Grass Prairie may receive sufficient or above-average rainfall, another area may 
be experiencing drought. Drought occurs frequently in this region; in the Plains, the 
climatic record itself has raised the question o f  the occurrence of drought cycles (Meko 
1992). Records from Miles City, Montana, from 1878 to 1939, show that drought 
occurred on the average o f  once every five years. Records from Havre, Montana during 
this same period substantiate frequent drought as well (Hurt, 1951). Early records in the 
western United States described the frequency of drought to be at least one or two years 
in every ten years (U.S. Senate 1936). The rhythmic return of severe drought to this area 
at about 20-year intervals is well documented (Thomas 1962, Borchert 1971, Perry 
1980f
Wind is common in the Northern Mixed Grass Prairie and wind velocities in this 
region exceed those in most other parts o f  the country (Weaver and Albertson 1956). 
Winds prevail in every season. In the winter, northerly winds drive blizzards across the 
prairie. Chinook winds may also sweep the plains in late winter and early spring months, 
melting the snow. Summer winds are hot and dry, evaporating soil surface moisture and 
leaving the prairie parched and dusty.
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As described above, climatic conditions in the Northern Mixed Grass Prairie are 
extreme, and the vegetation is thus adapted for survival in an extensive range of 
conditions. Harsh temperatures and severe winds are major components of seasonal 
tluctuation. Remarkably, vegetation endures both 100-degree and subzero temperatures, 
and also withstands desiccating winds. Precipitation varies greatly, some years receiving 
up to 20 inches of rainfall, but most years falling into a near-drought classification. Most 
plants in this region are moderately drought-tolerant, and regain full vigor in years of 
average rainfall.
Soils - Soil is the primar}' factor governing potential for forage production in a 
particular climate. Soil formation is an extremely slow process, requiring several 
thousand years to form an inch of soil (Holechek et al. 1998). Conversely, under 
management allowing poor grazing practices, an inch of soil can be lost to erosion within 
a few years.
Soil Formation  - The ceding o f the Cretaceous sea 60 million years ago 
uncovered a great sedimentary plain of weakly consolidated materials. On top o f this bed 
of sediments, alluvium deposits were dumped by the many streams traveling east from 
the Rockies. Beneath the surface of the Great Plains, formations exist in a horizontal 
position, stretching eastward from the foot o f  the Rockies, and consisting of extensive 
layers of sandstone, limestone, shale, lignite, and conglomerates (Atwood 1940). 
Additional soils were denved from the material deposited by glaciers in the Quaternary 
penod, reaching as far south as the present course of the Missouri River (USDA Soil 
Conservation Service 1993). In the Northern Mixed Grass Prairie parent material in the
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region nonh of the Missouri River was fashioned of glacial deposits and their associated 
out wash gravels and sands. South and west o f  the Missouri River in Montana and the 
Dakotas and in northeastern Wyoming the soils are primarily sandstone and shale. (Sims 
198S).
The major soils associated with the Northern Mixed Grass Prairie are in the order 
Mollisol. Mollisols as described by Holechek et al. (1998) are the natural grassland or 
prairie soils. They are typically deep and have a high organic matter content with 
moderate profile development. Entisols also occur in this region. Entisols are found in 
the Rocky Mountain area. They are the youngest of soil orders and are lacking in horizon 
development. Aridisols can be found in large areas throughout the region. These are 
present in northeastern Wyoming and eastern South Dakota, and in parts of Montana 
(Holechek et al. 1998). Aridisols are a desert soil with little profile development 
(Holechek et al. 1998). They are dry for most of the year, even when temperatures are 
adequate for plant growth. Aridisols formed where evaporation exceeded precipitation 
during most of the year; very little water percolated through the soil. These three soil 
orders are common in the Northern Mixed Grass Prairie, and within these, many soil 
textural types are present.
Loam (soil mixture of predominantly silt and sand with a smaller percentage of 
clay particles (USDA Soil Conservation Service 1993}) soils are common, but the range 
includes textures from sand to heavy clay. Sandstone (sedimentary rock containing 
dominantly sand-sized particles) and shale (sedimentary rock formed by the hardening of 
a clay deposit) beds are common as well as clay soils in the breaks country.
51
Extensive studies in southeastern Montana near Miles City resulted in classification 
o f  four areas typifying major soil types (Woolfolk 1945). These are representative o f  a 
significant portion o f  the Northern Mixed Grass Prairie, and include;
1 ) Well-drained sandy clay loams on rolling topography, with high water-absorbing
capacity, and normally moderately moist well into the growing season. The 
primary grasses in this type are blue grama, western wheatgrass, thread-leaf 
sedge, and needle-and-thread. Other species include scarlet globemallow and 
prairie clover. Also common is big sage, fringed sage, and cactus. Average 
surface cover in this soil type at the time of the studies was 25 to 35 percent.
2 ) Sandy to gravelly loam soils on moderately steep topography with high water-
absorbing capacity and low runoff. These soils dr\' out fairly rapidly. Chief 
grasses in this type are bluebunch wheatgrass, side-oats grama, needle-and-thread, 
western wheatgrass, blue grama, and stonyhills muhly. Other chief species are 
scarlet globemallow, lupine, licorice, skunkbush sumac, and small soapweed. 
Average surface cover at the time of the studies was 20 to 25 percent.
3 ) Flood plains o f  the major streams, with level or gently rolling topography and
generally heavy, and often alkaline, clay soils. Prominent grasses are western 
wheatgrass, buffalo grass, green needlegrass, sandberg bluegrass, and blue grama. 
Forbs were scarce at the time o f evaluation; silver sage was frequently present. 
The surface cover in this soil type was 33 to 50 percent.
4) Rough topography with steep slopes and sharply cut canyons harboring heavy, 
often alkaline soils. At times -  rocky on site, or gumbo soils with high runoff and 
slow water absorption. Vegetation in this type at the time of study was sparse. 
The dominant grasses included western wheatgrass, bluebunch wheatgrass, blue 
grama, and alkali sacaton. Forbs included scarlet globemallow, dwarf phlox, and 
evening primrose. Shrubs included big sagebrush, black greasewood, rubber 
rabbitbrush, winterfat, and shadscale saltbush.
Vegetation - The vegetation of an area is mainly controlled by the climate of that 
region. The origin o f  the Northern Mixed Grass Prairie dates back as far as 25 million 
years ago to the Tertiary Period. During the Eocene, the climate was warm and wet, and 
a warm temperate forest occupied the Great Plains (Atwood 1940). In the mid Miocene, 
around 10-12 million years ago, as the Rockies rose, they blocked the moisture-laden 
winds traveling in from the Pacific, creating a rainshadow over the Plains. Increased 
ariditv caused a change in plant species; as the forest disappeared, extensive grasslands
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evolved across the region (Weaver and Albertson 1956). Additionally. North American 
glaciations intermixed with interglacial periods, dictated vegetation changes. Following 
the last glacial period, about 10,000 years ago, the Northern Mixed Grass Prairie 
vegetation evolved. This vegetation persists today. Climate, paired with natural and 
aborigine-caused fires, which occurred in sufficient frequency to deter the growth of trees 
and shrubs on the prairie, is the determinant o f  the vegetation of the Northern Mixed 
Grass Prairie (Clements 1916). It is noteworthy that the Northern Mixed Grass Prairie 
vegetation co-evolved with bison grazing.
Weaver (1954) describes the prairie as a closed community due to the dense 
network of roots extending several feet deep into the soil. Historically plants not native 
to tlie prairie were unable to gain a foothold in the grass communities, as there was no 
room for them. Grasses constitute the majority of the vegetation, but forbs and shrubs are 
scattered throughout. The Northern Mixed Grass Prairie sustains an extremely high 
diversity of grasses. It holds short, mid, and tall grasses as well as both warm season and 
cool season grasses. Under climax conditions of adequate rainfall and proper grazing 
practices, cool season mid grasses dominate (Holechek et al. 1998). Localized heavy 
grazing combined with dry cycles in climate favors the short grasses to the extent that 
they serve as dominants in this disclimax condition (Weaver and Albertson 1956). The 
mixed vegetation offers several advantages: it is efficient at using sunlight and soil water 
at different levels, various species mature at intervals throughout the warm season, 
providing an extended period of available forage, and the mixed vegetation protects the 
soil from erosion. The grasses are mainly perennial (long-lived) species, with a life span
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of 10 to 20 years or longer (Weaver 1954). The presence of annual grasses on a site 
depicts a distinct sign of some sort or disturbance.
Cool season species begin growing when the temperature warms in the spring. 
Lack o f  moisture in the summer causes them to enter a stage of semi-dormancy. If 
moisture becomes available in fall months, providing temperatures remain above 
freezing, cool season plants will green up again in the fall before cold temperatures force 
them to become dormant.
Warm season species are reliant on moisture for initial plant growth, and thus 
begin growing in early summer. They continue to grow into the summer as long as 
moisture is available, but when summer rains cease these plants become dormant until the 
following year.
Dominant grasses include mainly mid grasses: western wheatgrass, bluebunch 
wheatgrass. Kentucky bluegrass, prairie Junegrass, sandberg bluegrass, green 
needlegrass. needle-and-thread, and little bluestem, as well as some short grasses: blue 
grama, buffalo grass, and sideoats grama, and in some areas a few tall grasses: big 
bluestem and switchgrass.
Grasses can be classified as either bunchgrasses or sod-forming grasses and a 
select few species, such as big bluestem occurs in both forms depending on the site. 
Bunch grasses branch at the roots by tillers, which produce many stems that grow erect 
forming a large bunch. These spread chiefly by seed or through tillering. Bluebunch 
wheatgrass and green needlegrass are examples of bunchgrasses. Sod-forming grasses 
reproduce both vegetatively and sexually, although primarily vegetatively. These grasses 
produce underground rhizomes, which extend horizontally several feet from the parent
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plant, and produce new shoots growing upward from their nodes. Kentucky bluegrass 
and western wheatgrass are examples o f sod-forming grasses. Sod-forming grasses are 
generally able to withstand fire, suffering less harm than bunchgrasses. Following fire, 
plant vigor of sod-forming grasses usually returns to higher levels sooner than 
bunchgrasses.
There is tremendous competition tor water and soil nutrients between the species 
growing in the Northern Mixed Grass Prairie. Most grasses produce dense masses of 
roots extending several feet into the soil and binding to the soil particles. Some forbs and 
shrubs extend a large taproot far below the roots of grasses, making use of soil moisture 
at greater depths. In a drought, this allows the deeply rooted forbs and shrubs to remain 
green.
Methods:
Field Sites -  The majority of sites included in this study were those bumed by 
wildfire rather than prescribed burning. Conditions at the time of burning were thus more 
likely to be hot. dry, and windy -  the conditions that are most frequent during the late 
summer months that comprise the wildfire season.
Field studies during the first summer were conducted on various sites in Montana 
(See Figure 4). Study sites focused on previous bums on the Charles M. Russell (CMR) 
National Wildlife Refuge and adjacent land owned by the Bureau of Land Management 
in central and northeastern Montana, and also included sites in east central and 
southeastern Montana. The CMR Fire Management Plan states that between 1964 and 
1996, 312 wildfires have occurred on the CMR or near its boundaries. These fires bumed
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69.353 acres with an average o f  10.1 fires per year. Recorded fires varied from one acre 
to 11,067 acres in extent. Over 90 percent o f  these fires were lightning caused. Recent 
fire scar data collected on the refuge indicate a fire frequency of 10-20 years prior to the 
homestead era. The CMR and adjacent BLM lands represent a wide variety of vegetation 
types, soils, and topographic features. Locations, dates, and other pertinent information 
concerning these fires are available at CMR refuge headquarters and the BLM Fire Office 
in Lewistown, Montana.
Study sites during the second summer covered a broad span across eastern 
Montana. Bums on BLM land in the Miles City District were evaluated, as well as sites 
in Custer National Forest. Fire records can be acquired for these areas from the BLM 
Fire Office in Miles City and the Forest Service Headquarters in .Ashland, MT. The field 
crew also studied fires on the Northern Cheyenne Indian Reser\'ation and the Crow 
Indian Reservation. Fire records were obtained from the respective tribal agencies. In 
the northeastern comer of Montana, bums on the Medicine Lake National Wildlife 
Refuge were researched. Records conceming fires in this area were made available by 
the United States Fish and Wildlife Service.
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F ig u re  4. Pictures o f  rangelands in eastern Montana included in this study (Source: T aylor  2 0 0 0 ) .
Site Selection  - Study sites were selected in reference to the size o f the fire, the 
date it bumed, what range type it represents (See Table 1), and its uniqueness. The study 
covers the entire spectrum of grassland communities in central and eastern Montana, as 
well as fires of different size, date, and intensity. Study sites are primarily on public land. 
All sites are grazed annually by cattle. The goal was to include enough plots in data 
collection to accurately represent changes in plant communities due to fire in all present 
habitat types. The season o f  bum was not isolated as an independent variable in this
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study, as the focus was on plant succession following bums of all intensity and occurrins 
in all seasons. A range ot tires (occurring from 1 year ago to over 20 years ago) is 
included in the study. Bums have been categorized according to the year they bumed, 
and the data is arranged to depict the change in plant species over time.
T a b le  1. Range T ypes
R A N G E  T Y P E S  
S h r u b  T y p es:
A R T C A N -A G R S M I (s ilver  sagebrush-western wheatgrass)  
A R T C A N -A G R S P I  (s i lver  sagebrush-bluebunch wheatgrass)  
.ARTTRJ-AGRSM I (b ig  sagebrush-western wheatgrass)  
A R T T R l-A G R S P I  (b ig  sagebrush-bluebunch w heatgrass)  
S A R V IR -A G R S M I (b lack  g rea sew o o d -w es tem  w heatgrass) ,
G r a ss  T yp es:
A G R S M I-B O U G R A  (w estern  wheatgrass-blue grama)  
A G R S M I-S T IV IR  (w estern  w heatgrass-green needlegrass)  
A G R S P I-A G R S M I (b lu eb un ch  w h eatgrass-w estem  wheatgrass)  
A G R S P I -B O U G R A  (bluebunch  wheatgrass-blue grama)  
A G R S P I -P O A S A N  (bluebunch  w heatgrass-sandberg bluegrass)  
S T IC O M -B O U G R A  (n eed le  and thread grass-blue grama)
Species Selection -  The most important plant species, desirable and undesirable,
were selected for study.
1)Desirable Species - Plants termed desirable are classified thus due to their value 
as forage for livestock, their ability to grow and flourish in Northem Mixed Grass Prairie 
ecosystems, and their ability to maintain adequate ground cover when present in a healthy 
stand. The desirable forage species in this study are all grasses. The list includes 
Agropyron spicatum  (bluebunch wheatgrass), Stipa viridula, (green needlegrass),
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Agropyron smithii (western wheatgrass), Koeleria cristata (prairie Junegrass), Boute loua 
gracilis (blue grama), Agropyron cristaîum  (crested wheatgrass), and Poa sandhergii 
(Sandberg bluegrass).
2) Undesirable Species - An array of plants is viewed as undesirable, and these 
species differ from each other in many aspects. All types o f ' ’problem" plants are 
included - shrubs, forbs, and grasses; each species differs in origin. Although most are 
exotics, they came from many different areas of the world, and therefore have varied 
growth cycles, varied responses to grazing, and varied responses to control measures. 
Thus, each one must be looked at individually to achieve an understanding o f specific 
plant characteristics that may avert the desired response to control mechanisms.
Species are termed weeds, noxious weeds, or simply undesirable in terms of 
specific management goals. Species growing in the Northem Mixed Grass Prairie that 
are thus classified include Sarcobatus vermiculatus (greasewood), Opuntia polyacantha  
(prickly pear cactus), Artemisia cana (silver sage), Artemisia tridentata wyomingensis 
(big sagebrush), Artem isia frig ida  (fringed sage), Selaginella densa (clubmoss), and 
Bromiis Japonicus (Japanese brome).
Although some of these species may have some forage value at particular times of 
the year, ie; silver sage, big sage, and Japanese brome, compared to other species that 
could inhabit each site, these species are undesirable in terms of relative forage value. 
These species are also unfavorable when they occur in a pure stand. Compared to 
perennial grasses, the undesirable plants listed above provide less ground cover, and do 
not adequately protect the soil against erosion. Species such as Japanese brome are
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considered adverse because of their ability to invade a site; therefore, it is economical to 
control before they have gained a foothold in the plant community.
Field Studies - Methods for attaining the objectives were to conduct Held studies 
on a wide array ot previously burned sites in the Northern Mixed Grass Prairie to obtain 
information about how a changing fire regime affects plant species composition and 
ground cover. 1 focused on grassland and shrubland range types (see Appendix A), in 
the upland landscapes (see Appendix B). Bums were located using maps provided by 
the Bureau of Land Management, Fish and Wildlife Service, U.S. Forest Service, Crow 
Indian Reservation, and Northem Cheyenne Indian Reservation. Cooperation with these 
agencies assured access to fire data, including legal descriptions of each fire, i.e.: date of 
bum, weather, cause o f  ignition, and fire behavior. Each bumed site was matched with 
an adjacent and similar unbumed (control) site to compare any differences between the 
two. By comparing bumed versus adjacent unbumed sites, the variable I hope to isolate 
is fire, and its effects on the plant communities. Topographic and climatic features are 
controlled through a matched-site process of using a similar unburned site adjacent to the 
bumed site where plot data was collected, and by covering a vast region. The bums 
occurred from the years 1978-2000.
Through the collection and compilation of data, this project provides a basis of 
scientific knowledge that can be used for future land management of the different regions 
in the Northem Mixed Prairie.
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Plot Establishment and Data Collection:
Plot establishment and data collection methods were employed using Ecodata 
(USDA Forest Service, 1987) procedure guidelines. A 1/10 acre macroplot (66' X 66') 
was established on each bumed site and adjacent unbumed site. Vegetative 
characteristics and topographic features were similar between each paired 
bumed/unbumed match. As each set o f  paired plots was sampled in the same general 
vicinity, it is assumed that climate and soils remain constant.
Within each macroplot five transect lines were established, each line having five 
microplots spaced at 12-foot intervals. This pattern was repeated in all plots. The 
microplots, each a 10" x 20" rectangle, were used to obtain canopy cover values for all 
plant species. Cover values are expressed as percentages. Canopy cover class for each 
species was recorded using the following coded system:
T ab le  2. Percent C an op y  C over C lasses
Code Range o f  Class
0 0%
T 0.1 < 1%
P I
1 5 < 1 5 %
2 15 < 2 5 %
3 25  < 3 5 %
4 35 < 4 5 %
5 4 5  < 5 5 %
6 55 < 65%
7 65  < 7 5 %
8 75 < 8 5 %
9 85  < 9 5 %
F 95  -  100%
' T ” = present in trace amounts  
“ P” = present in the 1-5% range 
"F” = present at or near full coverage
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Microplot range class values were entered into a Microsoft Excel (2000) program 
using the median number of the respective range class that species occurred in. In 
Microsoft Excel, average canopy cover for each species in a transect was determined by 
calculating the sum of the percent cover values of the microplots along that transect and 
dividing this sum by five, (the number of microplots in a transect).
Burn Status -  All plots analyzed were classified into range types using a 
dichotomous key based on dominant species present (DeVelice et al. 1991). The range 
types included in this thesis are those classified as "shrub types" and "grass types."
These are listed in Table 1. Several structural classes are found within these range types 
(see Appendix C). Within these range types, I further classified plots based on their bum 
status. Each plot falls into one of the following five categories: 1) unbumed, 2) bumed 1 
year prior to year of study, 3) bumed 2-5 years prior to year of study, 4) bumed 6-15 
years prior to year o f  study, 5) bumed 15+ years prior to year of study. This method of 
categorization allows a comparison between burned and unbumed sites, and between 
sites in varied successional stages following a fire.
Cover Values fo r  Individual Plant Species - Average cover values (see 
Appendices D and E), for individual plant species were calculated from microplot cover 
data. All plant species encountered were included in plot analysis. However, only the 
select species mentioned above were included in the data analysis. The total cover in a 
microplot does not equal 100 percent as layering of vegetation is possible and thus gives 
a total cover value o f  greater than 100 percent; conversely, some microplots had cover
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values ot less than 100 percent due to a less dense stand of vegetation, minimal canopy 
layering, and a heightened presence of bare ground.
Cover values are represented in the data as average canopy cover per transect.
This computation was made for each species by a\'eraging the canopy cover o f  that 
species over the tive microplots occurring in a single transect. The resulting number, 
rounded to two decimal places, was then plotted as one point in a boxplot. This process 
was performed tor all selected species within both unbumed and bumed plots occurring 
in grass and shrub communities. If a species was present in a macroplot, average percent 
cover per transect was calculated for all five o f  the transects in that macroplot, whether 
the species occurred in each transect or not. Transects are categorized using the bum 
status categories. Each bumed plot has an unbumed match. If a species was not present 
in either the burned or control plot, average cover values were not calculated for that 
paired plot. If a species was present in either the bumed plot, or the unbumed match, 
average cover values were noted for both the five bumed transects and the five unbumed 
transects in order to compare the two. Zeroes were entered if the species was not found 
along one o f  these transects.
Data Analysis:
Data for species was recorded, sorted, and calculated in a Microsoft Excel 
spreadsheet (2000). Statistical analysis was performed in the statistical package SPSS 
10.00 for Windows (2000). Within SPSS, data were re-entered in order to create 
boxplots. Boxplots are an effective method o f depicting non-normally distributed data, as 
they show the general range of data (depicted by brackets, which exclude outliers and 
extreme values), the 50^ percentile range (shaded area of boxplot), as well as the median
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of the data set (horizontal bar), and any outliers and extreme values (denoted by * in the 
graphs). However, outliers were excluded from the graphs in this thesis, as the range,
50 '̂' percentile, extreme values, and median were adequate in displaying the data.
Graphs for species cover were made for each bum cate g or}- using boxplots to 
represent the data tor comparison analysis. Boxplots only show canopy cover values for 
transects in which the species occurred. Values of zero (representing transects where the 
species was not found) were not entered to avoid skewing the data. Tables follow each 
boxplot, and show the number of transects each species occurred in compared to the total 
number of transects in that bum category.
The boxplots allow a visual analysis of average cover values for individual 
species on both burned and unbumed sites, and are categorized based on the age class of 
the bum. Differences between bumed and unbumed areas can be evaluated, as well as 
differences between age classes. Data presentation in the boxplots is arranged by species, 
bum status, and bum date. Desirable forage species are represented as one category, 
while undesirable range plants are broken into two categories, those with low canopy 
cover values (fringed sage, Japanese brome, and prickly pear cactus), and those with high 
canopy cover values (silver sagebrush, big sagebrush, greasewood, and clubmoss). This 
allows better visual comparison, as some of the undesirable range plants occur in such 
high densities that plotting the species in the same graph causes those values for species 
that occur in low densities to become too compressed.
These three species groups are separated into bumed/unburned categories and are 
shown for each age class. If a species was not present in a particular age class, a value of 
zero was entered so that this could be noted graphically as well. In addition to plots
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designated by age class, a boxplot combining all age classes of unbumed data, as well as 
a boxplot combining all age classes o f  burned data is included.
Hypoihesis Testing;
The statistical package SPSS 10.0 Windows version (2000) was used to test the 
data in this study. To determine if there is a significant difference in average cover 
values of each species between the different bum treatments (burned or unbumed) in 
each of the age groups, a matched pair t-procedure was applied by means o f using a one- 
sample t-test on the observed differences between the unbumed and burned canopy cover 
values in the matched plots. A statistical one-sample t-test was performed on the 
difference calculation in average cover values between bumed and unburned transects for 
each age class. The difference calculation is the average cover value for a species in a 
bumed transect subtracted from the average cover value for that species in the matched 
unbumed transect. The average cover value for transect one of the burned plot was 
compared to the average cover value for transect one in the unbumed plot: the same is 
applicable for each numbered transect. The differences computation in average cover 
values for each species between each unbumed and bumed paired transect organizes data 
into a normal distribution so that a t-test can be used to analyze the data and determine if 
the mean difference in species cover between bumed and unbumed areas is indeed 
significant. Using a 95 percent confidence interval, and a significance value o f  (p<.05), 
the t-test compares the mean of the difference computation to zero in order to determine a 
significant difference in either direction from the mean.
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In order to determine if there is a significant difference in individual species cover 
values between each successional age class of bums an independent samples t-test was 
performed. The same p-value and confidence interval were used as in the bum vs 
unburned t-tests. A pre-test for equal variance was computed. If variance in species 
cover values between successional stages is equal then the standard t-test was used; if the 
variance is unequal, the Welch’s test (the t-test for unequal variances) for significance 
was used.
6 6
RESULTS
Comparison o f  Species Cover Values between Burned and Unburned Sites:
Data are represented in the following boxplots to allow visual analysis o f  cover 
\ allies for select desirable and undesirable plant species within each category based on 
bum status and date o f  burn. Significance tests for each species in each category follow.
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F igu re  5. A v erag e  c a n op y  cover  values o f  desirable forage sp ec ies  per transect within all u n b u m ed  and 
bum ed grassland and shrubland plots.
A comparison o f desirable forage species average cover values between all 
bumed and unbumed plots illustrates much similarity. Canopy cover values tend to fall
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in the 1-5 percent range. Extremes include low values of near zero, and high values of 10 
or ureater.
T a b le  3. Total number o f  transects (‘"n” values) in w h ich  each species  occurred within all u n b u m ed  and 
b u m ed  grass and shrub type plots; m axim um  total occurrences possible (total number o f  transects studied  
in each category) is n = 3 10.
S pecies Western
w h eat­
grass
Bluebunch
wheatgrass
Blue
grama
Prairie
Junegrass
Sandberg
bluegrass
Green
needlegrass
Crested
w heatgrass
U n b u m ed  228 75 129 157 88 64 10
B u m ed  219 63 163 160 105 82 14
A comparison of "n" values of individual plant species gives an idea o f  how 
constant each species is across the grass and shrub communities that were studied. A 
high "n" value shows that that particular species is found in a high number o f  transects 
throughout the study area.
Western wheatgrass, "n” value of 228, was present in nearly 74 percent o f  all 
evaluated unbumed transects and nearly equally represented in the bumed transects 
studied. On the other hand, crested wheatgrass, with an ^'n" values of 10 and 14, was 
present in only 3 percent of all evaluated unbumed transects, and only 5 percent o f  all 
bumed transects studied. Other species maintained constancy throughout the unbumed 
transects in a range o f  21-51 percent. Bluebunch wheatgrass was found in slightly more 
unbumed than bumed transects. Blue grama, Sandberg bluegrass, and green needlegrass 
each tend to be more frequent on bumed sites compared to unbumed sites. Prairie 
Junegrass portrays almost identical frequency values in bumed and unburned sites.
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Figure 6. A v e ra g e  c a n o p y  cover  values o f  undesirable plant spec ies  exhibiting low ca n o p y  c o v e r  values  
per transect within all u n b u m ed  and b u m ed  grassland and shrubland plots.
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Canopy cover of undesirable range plants falling into the subshrub. forb, or grass 
status in bumed and unbumed grasslands and shrublands shows a range of 0-10 percent. 
In the unbumed sites, fringed sage shows average canopy cover values mainly in the 0-5 
percent range, with extreme values in the 8-10 percent range. Fringed sage on bumed 
sites has a greater general range o f cover at 0-8 percent. Japanese brome shows cover 
\-alues on unbumed sites falling in the 0-7 percent range, while on bumed sites, the range 
is slightly smaller (0-3 percent); however, on the bumed sites, extreme canopy cover 
\ alues near the 10 percent range. Prickly pear cactus, where found on bumed and 
unbumed sites, harbors cover values mainly in the 2-4 percent range, with low extreme 
values near 0 percent and high extreme values in the 8-10 percent range.
Table 4. Total num ber o f  transects (“n” values) in w hich  each species  occurred within all u nbum ed and 
bu m ed  grassland and shrubland plots; m axim u m  total occurrences possible (total number o f  transects  
studied in each ca teg ory )  is n = 3 10.
S p ec ies Fringed sage Japanese brome j Prickly pear cacrus
U n b u m ed 112 ^ 4  | 3 9
B u m ed 101 1 19 1 23
Undesirable species are found scattered throughout unbumed grassland and shrub 
communities. Japanese brome holds the highest "n" value (n = 124), and thus was 
present in about 40 percent of all transects evaluated in the unbumed grasslands and 
shmblands of the study area. It was found in a similar amount (38 percent) of bumed 
transects. Fringed sage appears to be present in near equal frequencies in unbumed and 
bumed areas (36 and 33 percent respectively). Prickly pear cactus was found in 13 
percent of evaluated unbumed transects and only 7 percent of the evaluated bumed 
transects.
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Figure 7. Average canopy cover values o f undesirable plant species exhibiting high canopy co v er  values  
per transect within all unbumed and bumed grassland and shrubland plots.
Canopy cover of undesirable range plants, including clubmoss, big sagebrush, 
greasewood, and silver sagebrush in unbumed grasslands and shrublands falls into the 0- 
75 percent range. Each of these species harbors greater canopy cover values in the 
unburned areas compared to the adjacent burned areas.
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Table 5. Total number o f  transects ("n" values)  in w h ich  each species  occurred within all u n b u m ed  and 
b u m ed  grassland and shrubland plots; m a x im u m  total occurrences possible  (total number o f  transects  
studied in each category) is n = 3 10.
S p ec ies Silver  sagebrush B ig  sagebrush Greasewood C lu b m oss
U n b u m ed 48 97 4 86
B u m ed 46 14 8 65
Big sagebrush occurred in 31 percent of the unbumed transects evaluated, and 
only 5 percent of the adjacent burned transects. Clubmoss was found in 28 percent of all 
unburned transects, and in 21 percent o f  the bumed transects. Silver sagebrush was 
found in nearly exactly the same amount o f  bumed transects as unbumed transects (about 
15 percent). Greasewood, although found only in a total of tweU'e of the transects 
studied, was present in twice as many bumed transects as unbumed matches.
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Average Cover Values fo r  Transects within One-Year-Old Burns and Paired  
Unhurned Plots -
s -
U n b u m ed
i
One Year After B u m
Figure 8. A v erag e  c a n o p y  cover  values o f  desirable forage sp ec ies  per transect within u n b u m e d  plots 
compared to paired plots that bum ed one year previous to the year o f  study.
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Average canopy cover values o f desirable range forage species fall within the 0-5 
percent range in the unbumed plots compared to a 0-7 percent range in adjacent plots that 
burned one year prior to the year o f study.
Western wheatgrass appears to maintain similar average cover values between 
one year old bums and adjacent unbumed sites. However, in unburned sites the lower 
range bracket and the median are both higher values compared to matched bum ed sites. 
Bluebunch wheatgrass and green needlegrass average cover values appear to remain 
constant in the comparison between bumed and unbumed sites. Blue grama appears to 
increase in cover the year following a bum. Sandberg bluegrass and prairie Junegrass 
show little change in cover values the first year following fire; however, the overall 
ranges o f percent cover for these two species increase on average in the first year 
following a burn. There is a lack o f data for crested wheatgrass. so no comparison can be 
made.
Table 6. Total number o f  transects ("n” value) in w hich  each species  occurred within the u n b u m ed  grass 
and shrub type plots and m atched plots w hich  b u m ed  one year prior to the year o f  study; m a x im u m  total 
occurrences poss ib le  (total number o f  transects studied in each category) is n = 30,
Species Western Bluebunch Blue Prairie Sandberg Green Crested
w heatgrass wheatgrass grama Junegrass bluegrass needlegrass wheatgrass
U n b u m ed 22 3 9 9 7 2 0
B um ed 20 1 1 I 17 7 5 1
W estern wheatgrass, blue grama, and Sandberg bluegrass each were found in 
nearly constant frequency between unbumed sites and adjacent sites that burned one year 
prior. W estern wheatgrass was present in 73 percent o f the unbumed transects and 67 of 
the bumed transects. Blue grama was found in 30 percent of the unburned transects and 
37 percent o f the bum ed transects. Sandberg bluegrass was found in 23 percent of both
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bumed and unbumed transects. Prairie Junegrass was present in nearly twice as many 
bumed transects compared to matched, unbum ed transects (57 and 30 percent 
respectively). Bluebunch wheatgrass, green needlegrass. and crested wheatgrass were 
not present in an adequate number o f transects to allow comparison.
Unbumed
pnckty pear citfivw
One Year After Bum
Figure 9. A v era ge  ca n o p y  cover  values o f  undesirable forage sp ec ies  exhibiting low canopy  co v er  values 
per transect within u n b u m ed  plots compared to paired plots that b u m ed  one year previous to the year o f  
studv.
Fringed sage and Japanese brome maintained equal canopy cover values (in the 0-3 
percent range) between sites that bumed one year prior and adjacent unburned sites.
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Prickly pear cactus maintains an equal range o f canopy cover \ alues between burned and 
unbum ed sites (0-3 percent); however, the 50^ percentile occupies a higher average cover 
bracket in the unbum ed sites compared to adjacent bumed sites.
Table 7. Total number o f  transects ( ‘^n" values)  in w hich  each species occurred within the u n b u m ed  grass  
and shrub type plots that are matched to the plots w h ich  bum ed one year prior to the year o f  study; 
m axim um  total occurrences poss ib le  (total num ber o f  transects studied in each category) is n = 30,
Spec ies 1 Fringed sage Japanese brome Prickly pear cactus
U n b u m ed 6 13 7
B u m ed 1 8 14 2
Thirty transects were studied in plots that bumed one year prior, and also in 
matched, adjacent unbum ed plots. Fringed sage was found in six of the thirty unbumed 
transects (20 percent), and in eight o f the thirty bumed transects (27 percent). Cactus was 
present in 23 percent o f the unbum ed transects and in only 7 percent of the matched 
bumed transects. Japanese brome was found in about 43 percent of the unbumed 
transects, and in nearly 47 percent of the bumed matches.
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Unbumed
One Year After Bum
Figure 10. Average canopy cover values o f undesirable forage species exhibiting high can o p y  cover  
values per transect within unbumed plots compared to paired plots that bum ed one year previous  to the 
vear o f  studv.
Undesirable species found in unbumed areas adjacent to one year old bum s show 
cover values ranging from 0-30 percent. In plots that bumed one year prior to the year of 
study clubmoss illustrates a cover range of 0-55 percent compared to a smaller range of 
0-30 percent in matched unbumed plots. Big sagebrush, although found in the adjacent 
unburned plots (as illustrated above), was not present in any o f the bumed plots. Silver
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sagebrush, found in only one o f the matched unbumed transects was also not present in 
any o f the bumed transects. Greasewood is absent from both the bumed and unbumed 
plots in this class.
Table 8. Total num ber o f  transects ("n” values) in w hich  each species  occurred within the un b u m ed  grass  
and shrub type plots and m atched plots that b um ed  one  year prior to the year o f  study; m a x im u m  total 
occurrences poss ib le  (total number o f  transects studied in each category) is n = 30.
Species 1 S ilver  sagebrush Big sagebrush G reasew ood C lu b m o ss
t 'n b u m ed  [ I 9 0 8
B u m ed i 0 0 0 7
Comparing unbumed sites to adjacent sites that bumed one year prior, big 
sagebrush was found in 30 percent o f the unbumed transects and in 0 percent o f the 
bumed transects. Clubmoss was present in 27 percent of the unbumed transects and 23 
percent of the bum ed transects. Silver sage was found in only one of the unbumed 
transects and none o f  the bumed matches. Greasewood was not present in an\- o f the 
bumed or unburned transects studied.
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Average Cover Values fo r  Transects within Two- to Five-Year-Old Burns and 
Paired Unhurned Plots -
U n b u m ed
T w o  to Five Years After B u m
Figure  11. A vera ge  ca n op y  cover  values o f  desirable forage sp ec ies  per transect within u n b u m ed  plots 
compared to paired plots that b um ed tw o  to five years previous to the year o f  study.
Desirable range forage plants occur in 2-5 year old bums and adjacent unbumed 
sites in a cover values range of 0-6 percent. W estem wheatgrass and bluebunch 
wheatgrass show no change in cover values between bumed and unbumed sites. Blue
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grama, prairie Junegrass, Sandberg bluegrass, and green needlegrass each appear to 
increase slightly in cover two to five years following a bum. Crested w heatgrass' range 
o f cover values increases two to five years following fire.
Table 9. Total number o f  transects (“ n” va lues) in w h ich  each species occurred within the unburned grass 
and shrub type plots and m atched plots w h ich  b u m ed  tw o  to tlve years prior to the year o f  study; maxim um  
total occurrences p oss ib le  (total number o f  transects studied in each category ) is n = 110
Species 1 W estem Bluebunch Blue I Prairie j Sandberg I Green Crested
j w heatgrass wheatgrass grama Junegrass 1 bluegrass i needlegrass wheatgrass
! U n b u m ed 1 72 31 60 1 54 1 19 28 7
1 B u m ed 74 30 62 ! 59 1 38 ! 26 9
Desirable range forage plants occurring in transects within unbumed plots 
(matched and adjacent to plots that burned two to five years prior to the year o f study) 
were found in frequencies of 6-65 percent. W estem wheatgrass. bluebunch wheatgrass, 
blue grama, prairie Junegrass, green needlegrass, and crested wheatgrass were each found 
in approximately the same number of unbumed transects compared to burned transects. 
W estem wheatgrass was found most frequently (65-67 percent of the time). Bluebunch 
wheatgrass was found in 27-28 percent o f the plots studied. Crested wheatgrass was 
found in only 6-8 percent of the evaluated transects. Sandberg bluegrass was found in 
twice as many burned transects (35 percent) compared to adjacent unbumed transects (17 
percent).
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Unbumed
Two to Five Years After Bum
F igu re  12. A v erage  canopy  cover  values o f  undesirable plant species  exhibiting low canopy co ver  values  
per transect within unbum ed  plots compared to paired plots that bumed two to five years previous to the 
year o f  study.
In the two to five year period following fire, fringed sage appears to increase in 
cover. Japanese brome also increases slightly following fire. Prickly pear cactus shows 
no apparent change in cover.
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T a b le  10. Total num ber  o f  transects (“ n” values) in which each species occurred within the u n b um ed  grass
and shrub type plots and  m atched  plots which bum ed  two to tlve years prior to the year o f  study; m axim um
total occumences possible  (total num ber  o f  transects studied in each categor> ) is n = 110.
Species Fringed sage Japanese brome Prickly pear cactus i
U n b u m ed 38 45 12 1
B u m ed 34 30 6 ;
A total o f 110 unbumed transects, matched to an equal number o f transects that 
burned two to tlve years prior to the year o f study, were evaluated. Prickly pear cactus 
was found in 11 percent o f the unbumed transects, and in about half as many (5 percent) 
of the bumed transects. Fringed sage was found in nearly 35 percent of the unbumed 
transects and in a sim ilar 31 percent of the bumed matches. Japanese brome was found 
in nearly 41 percent o f the unbumed transects compared to only 27 percent o f the 
adjacent burned sites.
83
Unbumed
Two to Five Years After Bum
Figure 13. A verage  can o p y  cover values o f  undesirable forage species exhibiting high can op y  cover  
values per transect within unbum ed plots compared to paired plots that bumed two to five years previous to 
the year o f  study.
Silver sagebrush appears to increase slightly in the two to five year period 
following a bum. Transects in unbumed sites harbor big sagebrush in the 0-30 percent 
range. In bumed areas, the number o f big sagebrush plants was greatly reduced. 
However, due to incomplete burning of the site, a few sagebrush plants were left 
unharmed, and these exhibited canopy cover similar to sagebrush plants growing in
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unbumed sites. Greasewood shows no change in cover \ alue in the two to t'lve years 
following a bum; however, only one transect was available in each of the bum ed and 
unbumed categories, so a valid comparison is unavailable. Clubmoss appears to decrease 
substantially in two to five years following a fire; cover values decrease from the 0-75 
percent range to a 0-40 percent range.
Table 11. Total num ber o f  transects ("n” va lues) in w hich  each species occurred within the u n bu m ed  grass 
and shrub type plots and m atched plots w h ich  b u m ed  two to tlve years prior to the year o f  study; maxim um  
total occurrences poss ib le  (total number o f  transects studied in each category ) is n = 110.
Species S ilver  sageb m sh Big sagebrush Greasewood C lu b m oss
U n b u m ed 1 1 36 1 29
B u m ed  j 1 1 3 1 14
Silver sagebrush and greasewood were found in the same number o f transects in 
the bumed plots as the unbumed matches, 10 percent and 1 percent respectively. In the 
two to five year old burns, big sagebrush was found in only three of the burned transects 
compared to thirty six of the matched unbumed transects. Clubmoss was found in about 
twice as many unbum ed transects compared to the bumed matches.
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Average Cover Values fo r  Transects within Six- to Fifteen-Year-Old Burns and 
Paired Unhurned Plots -
U n b u m ed
Six to Fifteen Years After B um
10
s
4
0
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F ig u re  14. A v era ge  c a n o p y  cover  values o f  desirable forage sp ec ies  per transect within u n b um ed  plots 
com pared to paired plots w h ich  bum ed six to fifteen years previous to the year o f  study.
Western wheatgrass, blue grama, and prairie Junegrass each show an increase in 
average cover values in the 6-15 year period following fire. Bluebunch wheatgrass.
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green needlegrass, and crested wheatgrass all maintain similar cover values between 
unburned sites and sites that burned 6-15 years prior. Sandberg bluegrass shows a slight 
decrease in cover in the 6-15 year period following fire.
Table 12. Total num ber o f  transects (“n” va lues) in w hich  each species occurred within the unb um ed  grass  
and shrub type plots and m atched  plots w h ich  bu m ed  six to fifteen years prior to the year o f  study;  
m axim u m  total occurrences  poss ib le  (total number o f  transects studied in each category) is n = 125.
! S p ec ies 1 W estem B luebunch Blue Prairie Sandberg Green Crested |
1 w heatgrass wheatgrass grama Junegrass bluegrass needlegrass wheatgrass |
■ U n b u m ed 1 98 33 50 68 48 29 3 1
I B u m ed 1 89 26 51 65 55 4 j
Western wheatgrass is the most common plant, and was present in 78 percent of 
the unbumed transects and 71 percent o f matched bumed transects. Blue grama, praine 
Junegrass, Sandberg bluegrass. and crested wheatgrass were found in a nearly equal 
number of unburned transects compared to bumed matches. Bluebunch wheatgrass was 
present in slightly more unbumed transects compared to bumed matches. Green 
needlegrass was found in slightly fewer (23 percent) unbumed transects compared to 28 
percent of bumed transects.
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Figure 15. A verage canopy  cover values o f  undesirable forage species exhibiting low canopy cover  values 
per transect within unburned plots compared to paired plots that bumed six to fifteen years previous to the 
year o f  study.
Fringed sage shows no increase in average cover values in the 6-15 year period 
following fire. Japanese brome appears to decrease in cover in the 6-15 year period 
following fire, while prickly pear cactus shows a slight increase in cover in this period 
following fire.
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Ta bl e  13. Total nu m b e r  o f  transects (“ n” values) in which  each species occurred within the u n b u m e d  grass
and shrub type plots and  m atched  plots which b u m e d  six to fifteen years prior to the year o f  study;
m ax im um  total occurrences  possible (total num ber  o f  transects studied in each category ) is n = 125.
S pecies Fringed sage Japanese brome Prickly pear cactus
U n b u m ed 45 53 16
B u m ed 40 58 14
Fringed sage and prickly pear cactus were each found slightly more frequently in 
unburned transects compared to adjacent burned transects. Japanese brome was found in 
more of the burned transects compared to the unbumed transects.
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Unbumed
Six  to Fifteen Years After B u m
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F igu re  16. A verage  can op y  cover  values o f  undesirable plant species exhibiting high canopy cover  values  
per transect within u n b u m ed  plots compared to paired plots that burned six to fifteen years previous to the 
year o f  study
Silver sagebrush, big sagebrush, and greasevvood all tend to decrease slightly in 
cover 6-15 years following fire. Clubmoss appears to increase in the 6-15 year period 
following fire.
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T a b l e  14. Total num ber  o f  transects {‘̂ n" values) in which each species occurred within the unbum ed
grass and shrub type plots and m atched plots w hich  burned six to fifteen years prior to the year  o f  study;
m ax im um  total occurrences  possible (total num ber  o f  transects studied in each category ) is n = 125.
Spec ies Silver  sagebrush B ig  sagebrush G reasewood C lub m oss
U n b u m ed 24 37 3 i 24
Burned 22 11 7 1 21
Silver sagebrush shows similar frequency when companng burned and unbumed 
sites; clubmoss shows similar frequency as well. Big sagebrush was found in 30 percent 
of the unburned sites compared to only 9 percent of the sites that burned 6-15 years prior. 
Greasewood was present in fewer unburned sites compared to adjacent burned sites (2 
and 6 percent respectively).
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Average Cover Values fo r  Transects o f  Burns more than Fifteen Years o f  Age and  
Paired U nbum ed Plots -
Unbumed
.'it'.
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Over Fifteen Years After Bum
Figure 17. A v erage  can o p y  cover  values o f  desirable forage species  per transect within u n b u m ed  plots 
com pared to paired plots that burned over fifteen years previous to the year o f  study
Each o f the desirable range forage species (excluding crested wheatgrass, which 
was not present in either the burned or unburned transects in this category) show a slight 
to noticeable increase in average cover values after 15 years following fire.
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T a b le  15. Total num ber  o f  transects ("n” values) in which each species occurred within the u n b um ed  grass
and shrub type plots and m a tched  plots which burned  over  fifteen years prior to the year o f  study;
m ax im um  total occurrences  possible (total num ber  o f  transects studied in each category ) is n = 45.
S p ecies Western B luebunch Blue Prairie Sandberg Green Crested
wheatgrass wheatgrass grama Junegrass bluegrass needlegrass Wheatgrass j
U n b u m ed 36 8 10 26 14 5 0 1
B u m ed 36 G 39 19 13 16 0 1
Western wheatgrass, bluebunch wheatgrass, and Sandberg bluegrass were all 
found in nearly equal frequency between burned and unbumed sites. Western wheatgrass 
was present in 80 percent o f both categories o f transects, whereas Sandberg bluegrass 
was present in about 30 percent of the transects, and bluebunch w heatgrass was found in 
13-18 percent o f the transects. Blue grama and green needlegrass were each found in 
fewer unbumed transects compared to matched bumed transects (22 to 87 percent and 11 
to 36 percent respectively). Prairie Junegrass was present in more unbumed transects (58 
percent) compared to matched burned sites (42 percent).
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Figure 18. A verage can op y  cover  values o f  undesirable plant species exhibiting low canopy c ov er  values 
per transect within u n b u m ed  plots compared to paired plots that burned more than fifteen years prior to the 
year o f  studv
Fringed sage shows an increase in cover in the 15+ year period following fire. 
Japanese brome shows no change in average cover value companng unburned sites to 
those that bumed 15+ years prior. Prickly pear cactus appears to decrease in cover in the 
15+ year period following fire.
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T a b le  16. Total nu m b e r  o f  transects (“ n” values) in which each species occurred within the u n b um ed
grass and shrub type plots and m atched plots which bu m e d  over fifteen years prior to the year  o f  study;
m axim um  total occurrences  possible (total num ber  o f  transects studied in each category) is n = 45.
S p ecies Fringed sage Japanese brome Prickly pear cactus
Unburned 23 13 4
B u m ed 19 17 1
Foily-five transects were studied in both unbumed areas and adjacent 15+ year 
old burns. Fringed sage was found in 51 percent of the unbumed sites compared to 42 
percent of the burned sites. Japanese brome was present in 29 percent of the unbumed 
sites compared to 38 percent of the bumed matches. Prickly pear cactus was found in 
onlv 9 percent o f the unbumed sites and in fewer still (2 percent) of the bumed sites.
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Unbumed
Over Fifteen Years After Bum
Figure 19. A verage  canopy  cover values o f  undesirable plant species exhibiting high canopy co ver  values 
per transect within u n bu m ed  plots compared to paired plots that bumed more than fifteen years prior to the 
year o f  study
Silver sagebrush, big sagebrush, and clubmoss all show a decrease in average 
percent cover in the 15+ year period following fire. Lack of data for greasewood does 
not allow a comparison for this species.
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T a b le  17. Total num ber  o f  transects (“ n” values) in which each species occurred within the unbum ed
grass and shrub type plots and m atched plots w hich  bu m e d  over fifteen years prior to the vear o f  stud\ ;
m ax im um  total occurrences  possible (total num ber  o f  transects studied in each category) is n = 45.
S p ec ie s S ilver  sagebrush B ig  sagebrush G reasewood C lu b m oss
U nburned 12 15 0 25
B u m ed 13 0 0 23
Silver sage was found in almost the exact number of unbumed transects as 
matched burned transects (27 and 29 percent respectively). Clubmoss also shows similar 
frequency values between unburned and bumed transects (56 and 51 percent 
respectively). Big sage was found in one third o f the evaluated unbumed transects, but in 
none o f the bum ed matches. Greasewood was not present in any of the evaluated 
transects in this category.
Burned  v.s' U nbum ed Sites — Testing Significance o f  Differences in Species Cover 
Values:
Testing Hypothesis fo r  Objective 1) -
Hi: There is a significant difference in average cover values of 
individual plant species between an area bumed by wildfire and 
an adjacent unbum ed area.
T a b le  18. O n e-S am p le  Statistics and S ign if icance  Test
U n b u m ed  vs B u m ed
S p ecies N M ean
D ifference
Std. Deviation Test V alue = 0 
Sig. (2-tailed)
western w heatgrass 294 -0 .0 1 6 8 + / - 2 .8 1 0 3 0 .9 1 8
bluebunch w heatgrass 120 0 .0 4 8 0 +/- 4 .3 4 5 6 0 .9 0 4
bluegram a 255 - 0 J 5 9 0 +/- 3 .2 6 6 7 0 .0 8 0
prairie junegrass 270 -0 .0 9 3 0 +/- 1.6903 0 J 6 7
Sandberg b luegrass 170 -0 .0 3 9 0 +/- 1 .5878 0 .7 4 9
green need legrass 175 -0 .3 0 7 7 + / .  2 .33 63 0 083
crested w heatgrass 35 -0 .1 4 7 7 +/- 2 .2 7 9 1 1 0 .7 0 4
silver sagebrush 100 1.0384 +/- 11.2823 0  3 6 0
fringed sage 216 -0 .2 7 5 4 + / .  3 .2 8 9 4 0 .2 2 0
big sagebrush 130 10.2231 +/- 13 .1222 0 .0 0 0
Japanese brom e 22 0 0 .1 0 2 9 +/- 1 .5145 0 .31 5
prickly pear cactus 100 0 .4 19 2 +/- 3 .1 1 0 9 0.181
g re a se w o o d 25 1.8500 +/- 8 .12 40 0 .2 6 6
c lu b m o ss 115 7 .9 7 5 6 + / -  17 .2702 0 .0 0 0
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"N" values represent the number o f paired transects compared between unbumed 
:ind burned areas for each species. Mean differences with positi\ e values signify that the 
species had higher cover values in the unbum ed plots compared to the matched bumed 
plots. Mean differences with negative values signify that the species had higher cover 
values in the bumed plots compared to the unburned matches. Standard deviations of 
lesser values indicate that the observed values fall into a smaller range, and thus 
differences are more likely due to an outside factor i.e. fire. Standard deviations of 
higher values depict a wider range o f average cover values, making it more difficult to 
isolate fire as the causing factor of difference in cover values if a significant difference 
between bumed and unbumed plots was indeed discovered. However, large standard 
deviations are often due to the fact that the particular species was present in smaller 
amounts in some plots, but was found in extremely high cover values in other plots.
Comparing all o f the unbumed plots to all of the bumed plots, those species that 
have a test value equal to or less than (p =.05) show a significant difference in average 
cover values between burned and unbumed plots. The species that do indeed display 
significant change are: big sagebrush and clubmoss. Additionally, both blue grama and 
green needlegrass harbor values near the significant level. Big sagebrush and clubmoss 
each have a positive mean difference value; the statistical test thus shows that these 
species were found in significantly greater amounts in the unbumed plots compared to 
the bumed matches. Blue grama and green needlegrass each have a negative mean 
difference value; the statistical test thus shows that these species were tound in 
significantly less amounts in the unbumed plots compared to the burned matches.
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Table 19. O n e-S a m p le  Statistics and S ign if icance  Test
! Y ear Old B u m s vs U n b u m ed  Matches
S p ec ies N Mean Std. Deviation Test Value ^ 0 
Sig. (2-tailed)
w e s te m  w heatgrass 25 -& 0 88 0 +/- 1.5501 2 7 7 9
bluebunch w heatgrass 5 0 .3 5 0 0 +/- 1.5772 0 .6 4 6
blue grama 20 - 2 1 9 8 5 +/- 5 .0657 0 .0 6 7
prairie junegrass 25 -0 .4 2 2 0 +/- 1.6397 0 .2 1 0
Sandberg b luegrass 15 0 .3 06 7 +/- 1 .6586 0 .4 8 6
green n eed legrass 15 - 0 J 5 0 0 +/- 1.3621 2 3 3 7
crested w heatgrass 0 * * *
silver sagebrush 5 2 0 0 0 0 +/- 4 .4721 0 .3 7 4
fringed sage 15 0 0 0 0 0 0 .2673 1.000
big sagebrush 10 5 9 3 0 0 W- 5 .9135 0.01 1
Japanese brome 25 -0 .0 4 0 0 ^/- 0 .7 1 69 0 .783
prickly pear cactus 10 1.2920 +/- 1.9553 0 .0 6 6
g rea sew o o d 0 * *
c lu b m o ss 10 -1 0 .5 8 5 0 + / - 1 7 . 2 3 3 1 1  0 .0 84
cannot be co m p uted  b ecau se  the sam ple size  is too small
“N" values represent the number o f paired transects compared between one year 
old bums and adjacent unbumed areas for each species. Mean differences with positive 
values signify that the species had higher cover values in the unbumed plots compared to 
the matched bum ed plots. Mean differences with negative values signify that the species 
had higher cover values in the burned plots compared to the unbumed matches. Standard 
deviations o f lesser values indicate that the observed values fall into a smaller range, and 
thus differences are more likely due to an outside factor i.e. fire. Standard deviations of 
higher values depict a wider range o f average cover values, making it more difficult to 
isolate fire as the causing factor of difference in cover values when a significant 
difference is found between burned and unbumed plots.
Comparing the transects in plots that bumed one year previous to the year of 
study to the unbum ed matched transects, those species that have a test value equal to or 
less than p=.05 (values just above .05 are included as significant as well) show a
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significant difference in average cover values between bumed and unbumed plots. The 
species that do indeed display a significant change in cover values between plots that 
bumed one year prior and unbum ed matched plots are; big sagebrush, prickly pear 
cactus, clubmoss, and blue grama. Big sagebrush and cactus each have a positive mean 
difference value; the statistical test thus shows that these species were found in 
significantly greater amounts in the unbumed plots compared to the burned matches. 
Clubmoss and blue gram a each have a negative mean value; thus the statistical test shows 
that these two species were found in a significantly lesser amount in the unbum ed plots 
compared to the bum ed matches.
T a b le  20. O n e -S a m p le  Statistics and S ign if icance  Test
2 -5  Year Old B u m s vs U n b u m ed  Matches
S pecies N M ean
D ifference
Std. Deviation Test V alue = 0 
Sig. (2-tailed)
w e s te m  w heatgrass 104 -0 .4 0 9 2 +/- 1 .8986 0 .0 3 0
bluebunch w heatgrass 50 -0 .4 9 6 0 +/- 2 .6 2 5 4 0 .1 8 8
blue grama 90 0.0141 +/- 1.8077 0 .941
prairie junegrass 100 -0 .4 5 93 +/- 1 .8102 0 .01 3
Sandberg bluegrass 65 -0 .5 5 6 6 +/- 1.6512 0 .0 0 8
green need legrass 60 0 .1213 +/- 1 .9609 0 .6 3 4
crested w heatgrass 20 -0 .2 12 5 +/- 2 .7261 0.731
silver sa g eb m sh 40 0 2 9 8 0 +/- 8 .9 13 2 0 .7 7 9
fringed sage 86 -0 .1 3 4 2 + / - 3 .1 4 1 2 0 .6 93
big sagebrush 45 10.4589 +/- 14 .2839 0 .0 0 0
Japanese brom e 70 0.5271 +/- 1 .1048 0 .0 0 0
prickly pear cactus 45 0 2 6 6 7 +/- 2 .2 6 9 9 0 .2 8 4
g re a sew o o d 5 1.0000 +/- 2 .2361 0 2 7 4
c lu b m oss 40 15.6543 +/- 16 .0824 0 ^ 0 0
"N” values represent the number o f paired transects compared between 2-5 year 
old bums and adjacent unbumed areas for each species. Mean differences with positive 
values signify that the species had higher cover values in the unbumed plots compared to 
the matched burned plots. Mean differences with negative values signify that the species
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had higher cover values in the bum ed plots compared to the unbumed matches. Standard 
deviations o f lesser values indicate that the observed values fall into a smaller range, and 
thus differences are more likely due to an outside factor i.e. fire. Standard deviations of 
higher values depict a wider range o f average cover values, making it more difficult to 
isolate fire as the causing factor o f difference in cover values between bumed and 
unbumed areas where a significant difference was discovered. The high standard 
deviation values for big sagebrush and clubmoss in this study are a result o f plots 
containing very little big sage and clubmoss as well as plots containing high cover of 
these species.
Comparing the transects in plots that bumed 2-5 years previously to the unbumed 
matched transects, those species that have a test value equal to or less than p=.05 (values 
just above .05 are included as significant as well) show a significant difference in average 
cover values between bumed and unbumed plots. The species that do indeed display a 
significant change in cover values between plots that bumed 2-5 years prior and 
unbumed matched plots are; westem wheatgrass, prairie Junegrass, sandberg bluegrass. 
big sagebrush. Japanese brome, and clubmoss. Big sagebrush, Japanese brome, and 
clubmoss each have a mean difference value that is positive; the statistical test thus shows 
that these species were present in the unburned plots in a significantly greater amount 
compared to the bum ed matched plots. W estem wheatgrass, prairie Junegrass, and 
sandberg bluegrass each have a negative mean difference value; the statistical test thus 
shows that these species were found in significantly greater amounts in the bum ed plots 
compared to the unbum ed matches.
101
T a b l e  21.  O ne-Sam ple  Statistics and Significance Test
6 -15  Year Old  B u m s  vs U n b u m ed  Matches
S p ec ies N M ean
D ifferen ce
Std. Deviation Test Value = 0 
Sig. (2-tailed)
w e s te m  w heatgrass 120 0 .4 2 8 8 + / - 3 . 7 7 1 4 0,215
bluebunch wheatgrass 50 1.1320 +/- 5 .1 33 6 0.125
blue grama 100 -0 .5031 + / -3 .0 1 8 1 0 .0 9 9
prairie junegrass 100 0 2 5 3 7 +/- 1.5307 0.101
sandberg bluegrass 70 0 .4 8 0 7 +/- 1 .2606 0 .0 02
green needlegrass 75 -0 .2861 +/- 2 .82 83 0 J 8 4
crested w heatgrass 15 -0 .0 61 3 +/- 1 .5860 0 .883
silver  sag eb m sh 35 2 .4 9 7 7 +/- 15 .4239 0 J 4 5
fringed sage 80 -0 .0 8 0 8 +/- 3 .6698 0 .844
b ig  sa geb m sh 60 9 .0 5 48 +/- 13 .3120 0 .000
Japanese brome 90 -0 .1 6 2 7 +/- 1 .9558 0 .432
prickly pear cactus 35 -0 .1 7 1 4 + / -4 .0 7 1 1 0 .805
g reasew o od 20 1 0 6 2 5 +/- 9 .05 97 0.321
c lu bm oss 40 1.2665 +/- 14.7734 0.591
'‘N ” values represent the number of paired transects compared between 6-15 year 
old bums and adjacent unbumed areas for each species. Mean differences with positive 
values signify that the species had higher cover values in the unbumed plots compared to 
the matched bumed plots. Mean differences with negative values signify that the species 
had higher cover values in the bumed plots compared to the unbumed matches. Standard 
deviations of lesser values indicate that the observed values fall into a smaller range, and 
thus differences are more likely due to an outside factor i.e. fire. Standard deviations of 
higher values depict a wider range of average cover values, making it more difficult to 
isolate fire as the causing factor o f  difference in cover values between bumed and 
unbumed plots if a significant difference is found. Silver sagebmsh, big sagebrush, 
greasewood, and clubmoss all illustrate high standard deviation values due to their scarce 
presence on some plots and their very high canopy cover values in others.
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Comparing the transects in plots that bumed 6-15 years previously to the 
unburned matched transects, those species that have a test value equal to or less than 
p=.05 (values just above .05 are included as significant as well) show a significant 
difference in average cover values between bumed and unbumed plots. The species that 
do indeed display significant change are; blue grama, sandberg bluegrass, and big 
sagebrush. Big sagebrush and sandberg bluegrass each hold positive mean difference 
values; thus the statistical test reveals that these species were present in significantly 
higher amounts in the unbumed plots compared to the bumed matched plots. Blue grama 
exhibits a negative mean difference value; thus the statistical test states that blue grama 
was present in a significantly greater amount in the bumed plots compared to the 
unbumed matches.
T a b le  22 . O n e-S am p le  Statistics and S ign if ican ce  Test
15+ Year Old B u m s  vs U n b u m ed  Matches
Spec ies N M ean
D ifference
Std. D eviation Test Value = 0 
Sig. (2-tailed)
w e s te m  wheatgrass 45 4 1 2 5 8 9 +/- 1 .8460 0 J 5 2
bluebunch wheatgrass 15 - T 8 5 2 0 + / .  5 .8 55 5 0.241
blue grama 45 0 .0 3 2 4 +/- 4 .6 2 4 9 0 .963
prairie junegrass 45 0 .1 33 3 +/- 1.6321 0 58 6
sandberg bluegrass 20 -0 .4 3 5 0 +/- 1 .8085 0 .2 9 6
green needlegrass 25 - 1 3 7 6 8 +/- 1.6490 0 .0 0 0
crested w heatgrass 0 * $ *
silver sagebrush 20 - 0 .4 7 5 0 + / .  7 .9 2 5 7 0 .7 9 2
fringed sage 35 -1 .1851 +/- 3 .3 77 4 0 0 4 6
big sag eb m sh 15 17 .0507 +/- 10 .3422 0 .00 0
Japanese brome 35 0.0391 +/- 1 .1598 0 843
prickly pear cactus 10 1.8500 + / - 3 .2 1 5 0 0 .102
g rea sew o o d 0 * * *
c lu b m oss 30 7 .8 2 6 0 4 V - 1 9 J 5 2 6 & 035
"N" values represent the number of paired transects compared between 15+ year 
old bums and adjacent unbumed areas for each species. Those species with ' ‘n” values of
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n=0 were not found in any of the 15+ year old bumed transects, nor their unbumed 
matches. Mean differences with positive values signify that the species had higher cover 
values in the unbumed plots compared to the matched bumed plots. Mean differences 
with negative values signify that the species had higher cover values in the burned plots 
compared to the unbumed matches. Standard deviations of lesser values indicate that the 
observed values fall into a smaller range, and thus differences are more likely due to an 
outside factor i.e. fire. Standard deviations o f  higher values depict a wider range of 
average cover values, making it more difficult to isolate fire as the causing factor of 
difference in cover values between bumed and unbumed areas where a significant 
difference was found. Big sagebrush and clubmoss hold high standard deviation values 
due to their varied presence in plots -  extremely high coverage in some plots, and 
complete absence in other plots.
Comparing the transects in plots that bumed 15+ years previously to the unbumed 
matched transects, those species that have a test value equal to or less than p=.05 (values 
just above .05 are included as significant as well) show a significant difference in average 
cover values between bumed and unbumed plots. The species that do indeed display 
significant change are; green needlegrass, fringed sage, big sagebrush, and clubmoss.
Big sagebrush and clubmoss each harbor positive mean difference values; the 
significance test thus reveals that these species were found in significantly greater 
amounts in the unbumed plots compared to the burned matches. Green needlegrass and 
fringed sage display negative mean difference values; the significance test thus shows 
that these two species were present in significantly greater amounts in the burned plots 
compared to the unbumed matches.
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Successional Change -  Testing Significance o f  Differences in Species Cover Values in 
] ears Following Fire:
Testing Hypothesis fo r  Objective 2) -
Hi: There is a significant difference in average cover values of 
individual plant species between bumed sites of different age classes.
T a b le  23. S ign it lca n ce  tests for canopy cover  value differences between successional stages fo l lo w in g  fire
t-test for equaliry o f  
means Sig. (2-tailed)
U n b u m  vs 1-year 
burns
1-year bum s vs
2-5 year bum s
2-5 year bums vs 
6-15 year bums
6-15  year bum s vs 
15+ year bums
S p e c ie s
w e s te m  wheatgrass 0.907 0 22 6 0 .374 0.531
bluebunch w heatgrass 0.965 0223 0 .844 0208
blue grama 0 2 5 8 0 .15 0 0 .0 04 0 092
prairie junegrass 0.960 0 .774 0 892 0.791
sandberg bluegrass 0 2 6 4 0 .054 0 .584 0208
green needlegrass 0 .4 12 0 .457 0 27 3 0.552
crested wheatgrass 0.928 0 760 0.135 *
silver sagebrush * * 0 .942 0273
fringed sage 0 2 3 6 0.221 0 2 3 5 0228
big sagebrush *■ * 0.080 *
Japanese brome 0 .1 29 0 .12 7 0 .0 14 0263
prickly pear cactus 0 .46 2 * 0 2 9 2 0294
grea sew o o d * * 0291 *
C lu bm o ss 0.289 0 2 8 2 0 .6 86 0.717
cannot be calculated b eca u se  species has too sm all a sam ple size
Species showing a significant difference in average cover values between the 
successional stages following fire depict a test value of (p < .05); values slightly above 
the standard p-value (.08, .09) are also considered significant.
Comparing species cover between unbumed areas and areas that bumed one year 
prior illustrates no significant difference between cover values for any of the species 
tested. However, the sample size for most of the species occurring in areas that bumed 
one year prior is too small for accurate testing.
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Species that show a significant difference in cover values between one year old 
bums and 2-5 year old bums are Sandberg bluegrass and clubmoss. Sandberg bluegrass 
has a higher average percent cover in sites that bumed one year ago compared to sites 
that burned 2-5 years ago. Clubmoss also has a higher average percent cover in sites that 
burned one year ago compared to sites that bumed 2-5 years ago. However, the sample 
size for clubmoss in both bum ages is too small to deduce a conclusion.
Species in the comparison category of 2-5 year old bums and 6-15 year old bums 
showing a significant difference in average cover values are: blue grama, big sagebrush, 
and Japanese brome. Blue grama harbored higher cover values in areas that bumed 6-15 
years prior compared to areas that bumed 2-5 years prior. Japanese brome was present in 
greater amount in areas that bumed 6-5 years ago compared to areas that had bumed 2-5 
years prior. Big sagebrush, (p-value of .08) shows a significant difference as well. 
Comparing the three transects harboring sagebmsh in the 2-5 year old age class with the 
eleven transects containing big sagebmsh in the 6-15 year age class illustrates that big 
sage was present in higher cover in the area that bumed 2-5 years prior. However, the 
sample size of transects containing big sagebrush in areas that bumed 2-5 years 
previously is not large enough to draw any solutions through this comparison.
Species showing a significant difference in average cover values between bums 6- 
15 years old and 15+ year-old bums are: blue grama, sandberg bluegrass, fringed sage. 
Japanese brome, and pnckiy pear cactus. Blue grama, sandberg bluegrass, and fringed 
sage were all found in greater amounts in areas that had bumed 15+ years prior compared 
to areas that had bumed 6-15 years prior. Japanese brome held higher cover values in 
areas that bumed 6-15 years ago compared to areas that bumed 15+ years ago. There
1 0 6
was only one transect in the 15+ age class bums where prickly pear cactus was present, 
so although it appears to have higher cover values in the 6-15 year age class compared to 
the 15+ age class, the sample size is to small to draw a sound conclusion.
Significance tests tor these species may not accurately represent their response to 
t'lre, as many o f the sample sizes are too small. The tables below show the frequency 
values (n-values) for each species in each category. Those species with high frequency in 
each o f the compared categories display more accuracy in the signitlcance tests than 
those species with a low n-value.
Table 24. Group Statistics -  U nbum ed Plots vs 1 Year Old B um s
Spec ies N Mean Std. D eviation
w e s te m  w heatgrass 0 232 2 .87 +/- 4 .3 9
1 20 2.76 +/- 1.58
bluebunch w heatgrasss 0 76 2 ^ 3 +/- 4 .0 0
1 1 3.00 *
b luegram a 0 168 3.27 + A 2 J 5
1 11 5.25 +/- 5 .45
prairie ju n egrass 0 168 2.65 +/- 2 .74
1 17 2+2 W- 1.02
sandberg bluegrass 0 92 2.33 ^/- 1.32
1 7 2.64 +/- 0 .61
green n eed legrass 0 70 2.51 +/- 2 .03
1 5 1.75 + /- 1.25
crested w heatgrass 0 10 2 .84 + /- 1 63
! 1 3.00 *
silver sagebrush 0 49 7.24 +/- 9.03
1 0 * *
fringed sagebrush 0 1 14 3.17 +/- 2 .7 4
1 8 2.22 +/- 1.15
big sagebrush 0 107 12.44 U -  12.65
1 0 * *
Japanese brom e 0 143 2IW +/- 3 .23
1 14 0 6 8 +/- 0 .6 7
prickly pear cactus 0 36 3 .64 4 ^ 3 ^ 3
1 2 1.75 +/- 1 .77
g re a se w o o d 0 14 11.29 +/- 9 .11
1 0 * *
c lu b m o ss 0 91 21 .79 +/- 17.21
1 7 29 .14 +/- 2 2 .3 6
JOJ = U n b u m ed  plots
1 1 1 =  Plots that b u m ed  1 Y ear  A go
* cannot be co m pu ted  b e ca u se  the species has too small a sam ple size
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“N ” values represent the number o f  transects in which each species occurred 
within each o f the bum categories (unbumed plots and plots that burned one year prior). 
The mean value shows that average canopy cover value for each species within each bum 
type. Standard deviation values illustrate the spread above and below the mean in which 
68 percent o f  the all o f  the values fall.
T a b le  25. Group Statistics -  1 Year Old B u m s vs 2-5 Year Old B um s
S p ec ies N Mean Std. D ev ia tion
w e ste m  w heatgrass 1 20 2.76 - ^ 1 J 8
2-5 74 2.86 +/- 1.98
bluebunch w heatgrass 1 1 3IW *
2-5 30 2.76 ^/- 2 .44
blue grama 1 11 5.25 +/- 5 .45
2-5 62 2.69 +/- 1.33
prairie junegrass 1 17 2.62 +/- 1.02
2-5 59 2.52 +/- 1.35
sandberg bluegrass 1 7 2.64 +/- 0 .61
2-5 38 1.88 +/- 1.85
green need legrass 1 5 1.75 ^/- 1.25
2-5 26 2.50 +/- 2 .1 4
crested w heatgrass 1 1 3.00 *
2-5 9 2.91 + A 0 2 8
silver sagebrush 1 0 * *
2-5 11 7.36 + A 6 J 9
fr inged sage 1 8 -) 22 +/- 1.15
2-5 34 3TC +/- 3.56
big sagebrush 1 0 * *
2-5 3 21.00 TV- 15.59
Japanese brome 1 14 0 6 8 +/- 0.67
2-5 21 1.08 +/- 0.78
prickly pear cactus 1 2 1.75 ^/- 1.77
2-5 0
gre a sew o o d 1 0 *
2-5 0 * *
c lu b m o ss 1 7 29.14 ^/- 2 2 .3 6
2-5 5 10.92 7.80
! I j = Plots that b u m ed  1 year  ago  
{ 2 - 5 1 = Plots that b u m ed  2 -5  years ago
* cannot be com p u ted  b eca u se  the species  has too sm all a sam ple size
values represent the number of transects in which each species occurred 
within each o f the bum  categories. The mean value shows that average canopy cover
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value for each species within each burn type. Standard deviation values illustrate the 
spread above and below the mean in which 68 percent of all of the values fall.
T a b le  26. Group Statistics -  2-5 Year Old B u m s vs 6 -15 Year Old Bum s
N Mean Std. D eviation
w e s te m  w heatgrass 2-5 74 2.86 +Y L 98
6-15 89 2,57 +/- 2 .1 9
bluebunch w heatgrass 2-5 30 2.76 2 .44
6-15 26 2.88 +/- 1.98
blue grama 2-5 62 2.69 ^/- 1.33
6-15 51 3.97 + ^ 2 . 8 0
pratrie junegrass 2-5 59 2.52 1.35
6-15 65 2.49 +/- 1.33
sandberg bluegrass 2-5 38 1.88 1.85
6-15 47 2 1 ^ ^/- 0 .8 6
green needlegrass 2-5 26 2.50 +/- 2 .1 4
6-15 35 3.10 ^/- 2 .0 7
crested w heatgrass 2-5 9 2.91 + ^ 0 2 8
6-15 4 1.85 +/- 1.04
silver sagebrush 2-5 1 I 7.36 +/- 6 .5 9
6-15 22 • 7T ^ ^/- 11.15
fringed sage 2-5 34 3.82 T ^ 3 J 6
6-15 40 3 ^ ^ f / .  2 .8 6
big sagebrush 2-5 3 21 .00 15.59
6-15 1 1 7.50 + Y 9 . 6 0
Japanese brome 2-5 30 1.14 + ' - 0 .8 5
6-15 58 1.86 1.85
prickly pear cactus 2-5 6 3 58 1.43
6-15 14 3.92 1.83
g reasew o od 2-5 1 10.00
6-15 7 5.71 7 .0 6
c lu bm oss 2-5 14 15.85 1 1.98
..
6-15 21 17.97 16.80
{2-5} = Plots that b u m ed  2 -5  years ago  
{6 -1 5 }  = Plots that b u m ed  6 - 15 years ago
* cannot be com puted  b ecau se  the species  has too small a sam ple size
"N '’ values represent the number of transects in which each species occurred 
within each of the bum  categories. The mean value shows that average canopy cover 
value for each species within each bum type. Standard deviation values illustrate the 
spread above and below the mean in which 68 percent of all of the values fall.
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T a b le  27. Group Statistics -  B um ed 6-15 Years A go vs B um ed  15- Years Ago
S p ec ies N Mean Std. D eviation
w e s te m  w heatgrass 6-15 89 i 1 5 7 +/- 2 .19
15+ 36 1 2.75 +/- 1.00
bluebunch w heatgrass 6-15 26 1 1 8 8 +/- 1.98
15-t- 6 !  7TW +/- 6 .9 6
blue grama 6-15 51 ! 3.97 2 .8 0
15-r 39 1 1 0 4 3 .1 6
prairie junegrass 6-15 6 5 ;  1 4 9 +/- 1.33
15^ 19 ! 2.55 +/- 0 .7 7
sandberg bluegrass  . , -  ^ 6-15 47  I 2 .06 +/- 0 .8 6
15-r 13 1 2 93 1 + - 1.42
green needlegrass 6-15 35 I 3.10 2 .0 7
i 16 ' 2.^8 +/- 0 .9 8
crested w heatgrass | 6 -15 4 i 1.85 +.'- 1.04
15+ 0 , *
silver sag eb m sh 6-15 22 i 7.09 +/- 11.15
1 5 - 13 1 7.65 +/- 6 .7 7
fringed sage  i 6-15 40  1 1 6 6 + 1 2 . 8 6
15+ 19 5.40 +/- 2 .62
big sagebrush 6-15 11 7.50 +/- 9 .6 0
15+ 0 * *
Japanese brom e j 6-15 58 1.86 + 1 1 . 8 5
15+ 17 1.27 + 1 0  80
prickly pear cactus | 6-15 14 3.92 +/- 1.83
15^ 1 0.50 *
g rea sew o o d  | 6 -15 7 5,71 + / .  7 .0 6
15+ 0 * *
c lu b m o ss  1 6-15 21 17.97 +/- 16 .80
! 15^ 23 16 35 +,-  12.53
16 -15  ( = Plots that b u m ed  6 -1 5  years ago
[ 1 5 - ;  = Plots that b u m ed  m ore than fifteen years ago
 ̂ cannot be com puted  b ecause  the species  has too small a sample size
"N" values represent the number of transects in which each species occurred 
within each of the bum categories. The mean value shows that average canopy cover 
value for each species within each bum type. Standard deviation values illustrate the 
spread above and below the mean in which 68 percent ot all ol the values tall.
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DISCUSSION
This section presents the major conclusions, which address the questions below 
pertaining to the objectives, and explain what the data depicts, thus proving/disproving 
the hypotheses for each species.
Objectives:
1) To determine the immediate effects of fire on individual plant species, 
expressed as relative cover values for selected species within the major range 
types
2) To determine the long-term effects: i.e. the successional path a species 
undergoes following fire, depicted as changes in plant species cover over time.
Management Implications:
1 ) Can fire be used to promote or sustain the growth of desirable forage species?
2) Can fire be used to reduce the presence of undesirable plants ie: woody 
vegetation, invasive weeds, and plants of minimal forage value?
Fire Effects on Plant Species:
This study shows that different plant species respond by either increasing in 
cover, decreasing in cover, or maintaining constant average cover values in response to 
fire.
There is not enough data to determine a difference in cover values between the 
unbumed plots and the first year following a fire for the following species: bluebunch 
wheatgrass, blue grama, Sandberg bluegrass, green needlegrass, crested wheatgrass, 
silver sagebrush, fringed sage, big sagebrush, Japanese brome, prickly pear cactus, 
greasewood, or clubmoss. This is due to the extremely small sample size for these 
species in the one year old bum category.
I l l
W estern W heatgrass
Immediate Effects Following Fire -  In comparing just the one year old bums to 
their adjacent unbumed matches, there is no significant difference in western wheatgrass 
cover values between bumed and unburned sites.
Burn U nbum ed Plots - When comparing the 2-5 year old bums with their 
unbumed matches westem wheatgrass is found in significantly higher amounts in the 
burned plots compared to the unbumed matches. WTien comparing the 6-15+ year old 
bums with their unbumed matches no significant difference in westem wheatgrass cover 
values is apparent.
Conclusion - Westem wheatgrass displays a slight increase in cover values in the 
years following the second year after a fire. However, bums dated as 6 years old and 
beyond do not show a significant difference in cover when compared to adjacent 
unbumed areas.
Evidence supports that westem wheatgrass is generally unharmed by fire. 
Additional studies (Dirtbemer and Olson 1983, Bone and Klukas 1990, Gartner 1975) 
found that buming in spring, fall, and winter enhanced production of western wheatgrass.
Successional Path -  Western wheatgrass shows no significant difference in cover 
values between the successional age classes of burns.
Fire as a M anagement Tool -  Fire does not appear to harm western wheatgrass. 
On some sites westem wheatgrass even increased after a bum. Therefore fire can be used 
in managing rangelands without sacrificing westem wheatgrass cover, and may possibly 
even promote growth.
112
Support/Rejection o f  Hypotheses -  1) Results show that tire causes a signitlcant 
change (increase) in westem wheatgrass cover; the significant difference is apparent in 
the 2-5 year old burns. 2) There is no significant difference in cover between the 
successional stages following a fire.
Direction o f  Future Studies -  Season of burn appears to play a key role in 
determining the effects of fire on westem wheatgrass. Future studies should further 
experiment with varied responses correlated with season of bum.
Bluebunch W heatgrass
Immediate Effects Following Fire -  A comparison of the one year old bums to 
adjacent unbumed sites illustrates no significant difference in bluebunch wheatgrass 
cover between the two types. However the sample size for this age class is too small to 
make inferences on the immediate response of bluebunch wheatgrass to fire.
Burned  v Unburned Plots -  Following fire, bluebunch wheatgrass shows no 
significant change in cover values in any of the age classes of bums compared to 
unbumed areas.
Conclusion -  Fire in the Northem Mixed Grass Prairie does not cause a change in 
cover values o f  bluebunch wheatgrass.
Other studies show a varied response of bluebunch wheatgrass to fire. McShane 
et al. (1985) found that buming bluebunch wheatgrass when the plants are dormant 
causes no harm, whereas actively growing plants may decrease in production following 
fire. Agee (1996) found that fire stimulates flowering and seed production, thus 
promoting growth. Furthermore, Thompson (1990) noted an initial reduction in growth
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the first year after fire, followed by an increased level of productivity in subsequent 
years.
Successional Path -  There is not sufficient data available from this study to 
determine the difference in cover values of bluebunch wheatgrass between the one vear 
and 2-5 year age classes and the 6-15 year to 15+ year age classes. However, bluebunch 
wheatgrass does not show a significant change in cover between the 2-5 year bums and 
the 6-15 \ ear burns.
Fire as a M anagement Tool -  Fire does not ham: bluebunch wheatgrass, and can 
be implemented into a management plan without causing harm to this species.
Support/Rejection o f  Hypotheses -  1) Results show no significant difference in 
bluebunch wheatgrass cover between bumed and unbumed sites. 2) No significant 
difference in bluebunch cover values was found between the successional stages 
following fire.
Direction o f  Future Studies -  Season of bum, and following year's precipitation 
should be the focus o f  future studies in determining the effects of fire on bluebunch 
wheatgrass, as these appear.to be key factors and were not isolated in this study.
Blue Grama
Immediate Effects Following Fire -  When comparing areas that burned one year 
prior with adjacent unburned areas, blue grama is found in significantly greater amounts 
in the bumed areas.
Burned  v Unhurned Plots -  Looking at the 2-5 year old bums and comparing 
them to adjacent unbumed areas illustrates no significant difference in blue grama cover
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between the two. However, when focusing on areas that burned 6-15 years prior, and 
comparing these to adjacent unbumed areas, blue grama is present in a significantly 
higher amount in the burned areas. When looking at 15+ year old bums, no difference in 
blue grama cover values is found between these bums and adjacent unbumed sites.
Conclusion -  Data shows that blue grama’s immediate response to fire is an 
increase in production. In the following years the comparison between burned and 
unbumed plots illustrates no difference in cover values in the 2-5 year period following 
fire and a significant increase in blue grama in the 6-15 year period following a fire. In 
general it appears that fire causes an increase in blue grama cover. Literature suggests 
that the response of blue grama to fire is determined mainly by the season o f bum. WTiite 
and Currie (1983) found that buming when blue grama is domiant causes minimal harm 
to the plant, but that spring fires cause a reduction in plant yield. However, plants usually 
recover within the same year or subsequent years thereafter.
Successional Path  -  Blue grama shows an increase in cover values in the 6-15 
year period following a fire as well as an increase in the 15-  ̂ years following fire.
Fire as a M anagement Tool -  Fire can be used to increase the cover o f  blue grama 
on a site. Cover values at the fifteen year mark following fire are comparable to 
unbumed sites.
Support/Rejection o f  Hypotheses -  1) Results show a significant difference 
(increase) in blue grama cover values between unbumed and burned sites; the difference 
is apparent between one year old bums and adjacent unbumed sites as well as between 
the 6-15 year old burns and unbumed matches. 2) Blue grama illustrates a significant 
difference (increase) in cover values between the successional stages following a bum.
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Direction o f  Future Studies -  Studies show that blue grama is generally enhanced 
by fire, but may vary in response due to variations in subsequent precipitation and season 
o f buming. In this study, the 2-5 year period following fire displayed a lapse in increased 
blue grama production. Whereas the two successional stages bordering this period and 
additional literature both suggest that production of blue grama should increase, future 
studies may want to look directly at growth production during this successional stage 
following fire.
Prairie Junegrass
Immediate Effects Following Fire -  Prairie Junegrass depicts no change in cover 
the year immediately following a fire.
Burned v Unburned Plots -  WTien comparing the 2-5 year old bums to adjacent 
unbumed areas, prairie Junegrass is present in significantly greater amounts in the bumed 
areas. In subsequent years there is no significant difference between burned areas and 
adjacent unbumed areas.
Conclusion -  Fire allows prairie Junegrass to increase in cover in the second year 
following the bum. This supports Blaisdelf s (1953) findings. However, in the 5-15- 
year period following a fire, there is no significant difference in cover values between 
bumed and unbumed areas. Aldous (1934) found a similar response where prairie 
Junegrass increased production for up to five years following fire, and then no difference 
in production was apparent.
Successional Path -  Prairie Junegrass shows no significant change in cover 
between successional age classes of bums.
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Fire as a M anagement Tool -  Fire causes an increase in prairie Junegrass after the 
tlrst year following the bum. Fire can be used to gain a short-term increase in prairie 
Junegrass, but after the five year mark following a fire, no increase in Junegrass is 
apparent.
Support/Rejection oj Hypotheses -  1 ) There is a significant difference (increase) 
in cover values for prairie Junegrass between unbumed and burned sites; the difference 
occurs between the 2-5 year old bums and the unbumed matches. 2) There is no 
significant difference in average cover values when comparing the different age classes 
of bums.
Direction o f  Future Studies -  No discrepancy in data was found between this 
study and others focusing on the response of Prairie Junegrass to fire. Thus, future 
studies are not vital.
Sandberg Bluegrass
Immediate Effects Following Fire -  Sandberg bluegrass shows no change in cover 
values the year immediately following a fire.
Burned  v Unhurned Plots -  Comparing the 2-5 year old burns to adjacent 
unbumed areas illustrates that sandberg bluegrass is found in significantly higher 
amounts in the bumed sites. In the 6-15 year old bums sandberg bluegrass is found in 
significantly lower amounts than in comparative adjacent unbumed areas. In areas that 
bumed over fifteen years ago there is no significant difference between sandberg 
bluegrass cover when compared to adjacent unbumed sites.
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Conclusion -  After the second year following tire, sandberg bluegrass increases in 
average cover. This increase (compared to unbumed plots) is apparent up to five years 
following the bum, at which point production decreases in bumed sites (apparent when 
comparing 6-15 year old bums to adjacent unburned areas). In areas that burned over 
tlfteen years ago there is no significant difference between Sandberg bluegrass cover 
when compared to adjacent unbumed sites. Wright and Klemmedson (1965) found 
Sandberg bluegrass production to increase in immediate years following tire, due to a 
reduction in competition with fire-susceptible big sagebrush. Pechanec et al. (1965) 
found varied responses in production following tire, but maintained that Sandberg 
bluegrass is generally unharmed by fire.
Successional Path -  Data is insufficient in amount to determine a difference in 
cover values for sandberg bluegrass between one year old bums and 2-5 year old bums. 
Sandberg bluegrass appears to increase in cover as a site advances from the 6-15 year age 
class to the 15+ year age class.
Fire as a M anagement Tool -  Sandberg bluegrass can be enhanced through the 
use of tire on rangelands. This increase in cover may last up to tlfteen years following a 
bum.
Support/Rejection o f  Hypotheses -  1) There is a significant difference (increase) 
in sandberg bluegrass cover values between unburned and bumed sites. 2) There is a 
significant difference (increase) in cover values for sandberg bluegrass in the 
successional stages following a bum; the difference is apparent between the 6-15 and 15+ 
year age classes.
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Direction o f  Future Studies -  Sandberg bluegrass recovery along the successional 
path following fire is unclear. This should be the focus of future studies.
Green Needlegrass
Immediate Effects Following Fire -  Green needlegrass depicts no change in cover 
values the year following a fire.
Burned  v Unhurned Plots ~ Fire does not appear to affect green needlegrass 
cover. However plots in bums 15+ years old show a significant amount more green 
needlegrass than adjacent unbumed plots.
Conclusion -  In general, fire does not cause a significant change in cover values 
o f  green needlegrass, however, the oldest bums studied show a significant amount more 
green needlegrass when compared to adjacent unbumed plots. As there was no initial 
increase in green needlegrass following the bums, fire may not be the factor responsible 
for causing an increase in cover for this species fifteen years after the bum. One 
explanation is a possible discrepancy in matched site selection. Or perhaps, fire allows 
for an initial increase in those grass species that compete directly with green needlegrass, 
and in the late successional stages when production of these grasses levels off, green 
needlegrass has a chance to increase plant production.
Other studies (Engle and Bultsma 1984, Whisenant and Uresk 1990) found that 
fire effects vary with season of bum and severity of fire. Whisenant and Uresk (1990) 
noted a significant decrease in green needlegrass for three seasons following a prescribed 
bum in the spring. Engle and Bultsma (1984) studied a June bum on a Northern Mixed
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Grass Prairie site, and found that green needlegrass returned to normal production levels 
the year following fire.
Successional Path -  The one year old bums provide a limited amount o f  data for 
green needlegrass cover, and therefore no conclusions can be drawn about the difference 
in cover values between one year old bums and 2-5 year old bums. Green needlegrass 
shows no significant change in cover when comparing the other successional age classes 
of bums.
Fire as a M anagement Tool -  Periodic fire in rangelands does not harm green 
needlegrass. nor does it cause a significant increase in cover. Periodic buming can be 
implemented into a range management plan without causing a significant change in green 
needlegrass cover.
Support/Rejection o f  Hypotheses -  1 ) There is no significant difference in green 
needlegrass cover between bumed and unbumed sites. 2) There is no significant 
difference in green needlegrass cover between the successional stages following fire.
Direction o f  F  iiture Studies -  Green needlegrass appears to have a varied response 
to fire. Season o f bum. intensity of bum. and subsequent precipitation are factors that 
may be responsible for the variation in response. These factors should be isolated and 
further studied. The successional path of green needlegrass sites following fire is 
unclear, and should also be further studied.
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Crested W heatgrass
Immediate Effects Following Fire -  Crested wheatgrass was not present in any of 
the studied plots that burned one year prior, so no conclusions about the immediate 
etfects of tire on this species can be drawn.
Burned  v Unhurned Plots -  Crested wheatgrass shows no significant difference in 
cover between unbumed areas and bumed areas of ages 2-15 years following a t'lre. No 
plots in the 15+ year age class matches contained crested wheat, so no conclusions were 
drawn from that age class.
Conclusion -  No conclusions can be drawn from this study as to the effects of tire 
on crested wheatgrass in the year following a bum. Fire does not cause a significant 
change in crested wheat cover in the subsequent years.
Additional studies reflect that fire does not harm western wheatgrass. Pechanec et 
al. (1954) determined that crested wheatgrass generally remains unharmed by fire. 
However, Bradley et al. (1992) found fall bums to reinvigorate crested wheatgrass stands, 
while spring tires decreased yields for several years.
Successional Path -  Crested wheatgrass shows no significant change in cover 
values when comparing successional ages classes of bums. However, the sample size for 
crested wheatgrass is to small to make any inferences about successional change.
Fire as a M anagement Tool -  Conclusions from this study are incomplete, but the 
information available shows that rangelands with crested wheatgrass can be burned 
without causing harm to this species.
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Support/Rejection o f  Hypotheses -  1) There is no significant difference in average 
cover values between bumed and unbumed sites. 2) There is no significant difference in 
average cover values between the different age classes of bums.
Direction o f  Future Studies -  Season of bum appears to be the only key 
determinant in crested wheatgrass response to fire. Future studies should experiment 
with fire in each season to determine plant response.
Silver Sagebrush
Immediate EJfects Following Fire -  Silver sagebrush was present in only one plot 
that bumed the year previously. It displays no difference between the bumed and 
unbumed site, but the sample size for one year old burns containing silver sagebmsh is 
too small to draw any sound conclusions.
Burned  v Unburned Plots -  Silver sagebrush depicts no significant difference in 
cover values between unbumed plots and bumed plots of all ages in the years following a 
fire.
Conclusion -  Silver sagebmsh does not show a significant increase or decrease in 
percent cover in the years following a fire. The response of silver sagebrush in the first 
year following fire is inconclusive.
Other studies show that season of bum and intensity of fire play a role in the 
percent mortality of silver sagebmsh caused by fire. As the bum intensity and severity 
increase, plant mortality increases and regrowth decreases (White and Currie 1983a). 
Focusing on season o f  bum and fire intensity. White and Currie (1983b) compared a
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spring fast-moving headfire to a fall slow-moving backfire and found that fall bumina 
caused a greater reduction in silver sagebrush plants.
Successional Path -  There is an insufficient amount of data on silver sagebrush in 
the 1 year/2-5year comparison to draw any conclusions about the difference in cover for 
silver sagebrush between these age classes. Silver sagebrush shows no significant 
difference in cover values between the other age classes in sequence following a bum.
Fire as a M anagement Tool -  Fire is not an effective management tool for 
decreasing silver sagebrush on a site.
Support/Rejection oj Hypotheses -  1) There is no significant change in silver sage 
cover between bumed and unbumed sites. 2) There is no significant difference in silver 
sage cover between successional periods following a bum.
Direction o f  Future Studies -  Fire intensity and season of burn seem to play a role 
in determining the response of silver sagebrush to fire. Further understanding o f  fire 
effects on this species may be determined through continued studies focusing on these 
two factors.
Fringed Sage
Immediate Effects Following Fire -  Fringed sage shows no significant difference 
in cover between an area that bumed the year prior and an adjacent unbumed area.
Burned  v Unburned Plots -  Fringed sage shows no significant difference in cover 
between areas that bum ed 2-15 years previously and adjacent unbumed areas.
Comparing areas that bumed 15+ years prior to adjacent unbumed areas reveals that 
fringed sage is present in significantly greater amounts in the areas that had bumed.
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Conclusion -  Fire does not cause a significant change in fringed sage cover 
values. However, as succession following fire approached the 20+ year mark, frinsed 
sage did increase in cover.
The response o f  fringed sagebrush to tire varies with tire intensity. Following 
low severity tires, fringed sage, a weak sprouter, is able to recover (Cawker 1983).
Severe tires seriously damage or kill fringed sage plants (Bailey, A.W. 1978).
Successional Path -  There is not enough data to determine if a significant 
difference in cover values exists between the first two successional age classes following 
fire. However, fringed sage was found in greater amounts in areas that bumed 15+ years 
ago compared to areas that bumed 6-15 years ago.
Fire as a M anagement Tool -  Periodic tire does not cause a signitlcant change in 
fringed sage cover. However, it appears that fire may allow fnnged sage to increase, and 
thus should not be used frequently on sites that harbor large amounts of this species. 
Fringed sage increases in response to overgrazing, and likely responds similarly to other 
heavy disturbance in an area, i.e. frequent tire.
Support/Rejection o f  Hypotheses - 1 ) There is a signitlcant difference in cover 
values between unbumed and bumed sites (difference occurs between the 15+ age group 
and unbumed matches). 2) There is a significant difference in cover values between the 
successional stages following a fire (difference occurs between the 6-15 and 15+ age 
groups).
Direction o f  Future Studies -  Fringed sage appears to suffer effects from buming, 
but results vary. By studying fire intensity and specific site characteristics in correlation
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with fire effects on fringed sage plants, a greater understanding of this species' response 
to fire may be achieved.
Big Sagebrush
Immediate Effects Following Fire -  Big sagebrush grows in significantly less 
amounts in areas that bumed one year prior compared to adjacent unbumed areas.
Burned v Unhurned Plots -  In all plots studied, dating from 2-15+ year old bums, 
big sagebrush is present in significantly less amounts in bumed areas compared to 
adjacent unbumed areas.
Conclusion  -  Fire causes a significant reduction in big sagebrush cover. Peek et 
al. (1979) and Eichhom and Watts (1984) support that fire reduces big sagebmsh on sites 
for up to thirty years.
Successional Path -  Sample size for big sagebmsh is minimal and thus the 
comparison between the subsequent age classes is inadequate.
Fire as a M anagement Tool -  Fire is an excellent management tool in reduction 
of big sagebrush. Buming causes a significant decrease in big sage for 20+ years 
following a bum. Thus periodic fire on healthy rangelands can be used to maintain a site 
-  promoting the growth o f grasses, and inhibiting big sage growth.
Support/Rejection o f  Hypotheses -  1 ) There is a significant difference in big 
sagebrush cover between unbumed and bumed sites (a decrease is apparent in all bumed 
sites compared to unbumed sites. 2) There is not enough evidence to determine the 
validity o f  the hypothesis concerning big sage cover values in successional stages 
following a fire.
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Direction o f  Future Studies -  Conclusive evidence shows that big sagebrush is 
dramatically reduced following fire. Further studies are not imperative.
Japanese Brome
Immediate EJfects Following Fire -  Japanese brome shows no significant 
difference in cover between areas that bumed one year previously and adjacent unbumed 
areas.
Burned  v Unburned Plots -  Comparing the plots that bumed 2-5 years previously 
to adjacent unbumed areas illustrates that Japanese brome is found in significantly greater 
amounts in the unbumed areas. In the higher age class fires there is no significant 
difference in Japanese brome cover values between bumed areas and unbumed areas.
Conclusion  ~ Data from this study show that fire may cause a decrease in 
Japanese brome cover beginning in the second year following the bum. But as time 
progresses, bumed areas and adjacent unbumed areas show no significant difference in 
Japanese brome cover between them. Whisenant (1990) warns that Japanese brome is a 
prolific seed producer and thus a competitive colonizer on bumed sites. Once seeds ha\ e 
been dropped in late summer, a large viable seed source awaits germination, thus giving 
Japanese brome an advantage over other species. However, Gartner (1975) found that 
spring fires can be used to reduce the number of plants on a site, and also to reduce the 
number o f  viable seeds available for recolonization the following year.
Season o f  bum  evidently plays a key role in Japanese brome response to tire, and 
this factor should thus be the focus o f future studies.
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Successional Path -  Japanese brome increased in cover as an area moved from 
the 2-5 year stage following a burn into the 6-15 year stage following a bum, and then 
decreased in cover as the area reached the 15+ year stage.
Fire as a M anagement Tool ~ Fire can be used to decrease Japanese brome on a 
site. However, Japanese brome is an early successional invasive species, and colonizes 
highly disturbed sites. With this in mind, tire should not be used on rangelands in poor 
condition, as it may promote the colonization of Japanese brome. On healthy rangelands 
tire can be used to reduce the amount of Japanese brome on a site, especially if the bum 
occurs before seed maturation, thus killing the main seed bank for the following year.
Support/Rejection o f  Hypotheses -  1) There is a significant difference (increase) 
in cover values between unbumed and bumed plots; the difference is apparent between 
the 2-5 year old bums and the unbumed matches. 2) There is a significant difference in 
cover values between the successional stages following a bum; an increase occurs 
between the 2-5 and 6-15 year stages, and a decrease occurs between the 6-15 and 15- 
year stages.
Direction o f  Future Studies -  Japanese brome responds variedly to tire. Season of 
bum determines whether an increase or decrease in production occurs. To obtain 
concrete management plans using fire as a control mechanism for this undesirable 
species, further studies focusing on season o f bum would be benetlcial.
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Prickly Pear Cactus
Immediate Effects Following Fire -  Prickly pear cactus is found in significantly 
less amounts in areas that had burned one year prior compared to adjacent unbumed 
areas.
Burned  v U nbum ed Plots -  Comparing bumed areas in later successional stages 
with unbumed areas reveals no significant difference in prickly pear cactus cover.
Conclusion  - Fire seems to cause an immediate reduction in prickly pear cactus 
cover, but in subsequent years following fire there appears to be no difference in prickly 
pear cover between bumed and unbumed areas.
Humphrey (1974) and Smith et al. (1985) suggest that the response of prickly pear 
to tire is determined by tire intensity. High intensity fires can greatly reduce the amount 
of prickly pear on a site, whereas low intensity bums cause little damage to the cactus 
plants and allow for adventitious root sprouting by the remaining pads. Reynolds and 
Bohning (1956) noted that fire weakened prickly pear plants, making them susceptible to 
damage by insects and disease. Furthermore, fire destroys the spines, making the pads 
available to foraging animals, and thus exerting additional stress on the plants.
Successional Path -  There is insufficient data to compare the average cover 
values of prickly pear cactus between the different age classes of burns.
Fire as a M anagement Tool -  Fire can be used to reduce prickly pear cactus on a 
site; primary reduction occurs in the first year. Lower intensity fires may bum the spines 
off the cactus plant, making it susceptible to grazing.
Support/Rejection o f  Hypotheses -  1) There is a significant difference (decrease) 
in average cover values o f  prickly pear cactus between bumed and unbumed areas; the
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decrease occurs in the first year following fire. 2) There is insufficient data to support or 
reject the hypothesis o f  significant difference in cover values between bums o f  different 
age classes.
Direction o f  Future Studies -  Fire intensity is the key factor in determining the 
response o f  prickly pear to fire; high intensity fires successfully reduce plant production. 
However, the recovery of prickly pear cactus in the successional stages following fire is 
uncertain, and should be evaluated in future studies.
Greasewood
Immediate Effects Following Fire -  Greasewood was not present in any o f the one 
year old bumed plots, so no data is available to compare species cover between one year 
bums and adjacent unbumed areas.
Burned v Unburned Plots -  Greasewood shows no significant difference in cover 
values between bumed and unbumed areas in the 2-15 year range following fire. 
Greasewood was not present in any of the 15+ year old bums, so no data is available to 
compare cover values between older bums and adjacent unbumed areas.
Conclusion -  Greasewood grows in dense stands in some river bottom sites, and 
is also found growing sporadically in upland sites, mainly those featuring saline soils.
The greasewood sites included in this study were those upland sites where greasewood 
was present in thinner amounts. Fire did not cause a significant change in greasewood 
cover in the sites recorded in this study. However, Daubenmire (1970) argues that black 
greasewood sprouts vigorously following fire, thus increasing in production and cover. 
Furthermore, Roundy et al. (1981) found greasewood to increase in both growth rate and
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seed production following fire. On the other hand, during a fail burn in Wyoming where 
high fuel loading led to high intensity buming, greasewood plants exhibited a greater 
mortality than predicted on the basis o f  the plant's ability to resprout (Smith 1966).
Successional Path -  Not enough data is available from this study to determine the 
response of greasewood to fire in following successional stages.
Fire as a M anagement Tool -  Greasewood sprouts \dgorously and produces 
abundant seed following low intensity fires. However, fires of high intensity may be 
successful at reducing greasewood production. Prescribed bums must achieve adequate 
intensity levels in order to be used as a control mechanism of greasewood production on 
sites.
Support/Rejection o f  Hypotheses -  1) There is no significant difference in average 
cover values between bumed and unbumed plots; however, data for greasewood in this 
study is limited. 2) There is not enough data available to determine the validity of the 
hypothesis o f  significant difference in cover values between bums of different age 
classes.
Direction o f  Future Studies -  Greasewood has exhibited both a decrease and an 
increase following fire. Fire intensity appears to be the determining factor in plant 
response. Because greasewood is an undesirable range plant, it would benefit land 
managers to determine the level of fire intensity required tor successful control o f  this 
species.
130
Clubmoss
Immediate Effects Following Fire -  Clubmoss was present in only two of the one 
year old bum plots studied. It shows a significant difference between these plots and the 
adjacent unburned plots (occurring in higher amounts in the bumed plots compared to the 
unbumed plots), however, the sample size of one year old bum plots containing clubmoss 
is too small to draw concrete conclusions. Additionally, Rowe (1969) contradicts this 
evidence, arguing that with sufficient fuels, fire can completely remove clubmoss from a 
site. The increase in clubmoss production the year immediately following fire could be a 
result o f a small sample size, or possibly the fire lacked sufficient fuel to consume the 
clubmoss, but reduced the grasses on site, thus allowing clubmoss a competitive 
advantage. Another possibility is that the bum year was followed by a drought year, thus 
making it hard for the perennial plants to regain vigor, while simultaneously allowing 
clubmoss (with its shallow root system) to make use of the light soil moisture.
Burned  v Unburned Plots -  Comparing the 2-5 year old bums to adjacent 
unbumed areas reveals that clubmoss is present in lesser amounts in the burned areas. In 
comparing the 15+ year old bums and adjacent unburned plots it is also apparent that 
clubmoss is present in lesser amounts in these burned areas. Studying 6-15 year old 
bums and comparing them to unbumed areas reveals no difference in cover values for 
clubmoss. Rowe (1969), Wilson and Shay (1990) and Dix (1960) all found that fire 
causes a significant reduction in clubmoss production.
Conclusion -  Fire can cause a decrease in percent cover of clubmoss in 
rangelands. However, for a significant reduction in clubmoss to occur, there must be 
sufficient fuels to carry a fire. Rocky, bare, upland sites containing clubmoss most likely
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do not have adequate fuel to maintain the fire intensity required to cause a dramatic 
reduction in clubmoss. Instead of a continuous bed of fuel, these sites harbor patches of 
grass among bare ground and rocks, which leads to fires displaying a patchy, mosaic 
pattern of burned grasses intermixed with unburned patches of vegetation. Following fire 
on these sites, clubmoss did not show a decrease in production in this study.
Successional Path -  The amount o f  data available in the comparison o f cover 
values for clubmoss between one year old bums and 2-5 year old bums is too small to 
make an inference as to a significant difference between the two. There is no significant 
change illustrated in cover values for clubmoss between the other successional stages 
following a fire.
Fire as a M anagement Tool -  Fire can be used effectively in the reduction of 
clubmoss on range sites.
Support/Rejection o f  Hypotheses -  1) There is a significant difference (decrease) 
in average cover values o f  clubmoss between unbumed and bumed areas; the difference 
is apparent when comparing the unbumed plots to two to five year old bumed matches 
and the unbumed plots to 15^ year old bums. 2) There appears to be no significant 
difference in average cover for clubmoss between the different age classes o f  bums, 
however, there is insufficient data to determine a difference between the one year old and 
2-5 year old burns.
Direction o f  Future Studies -  It appears that fire generally causes a decrease in 
clubmoss production. However, site-specific characteristics and recovery along the 
successional path are two factors that should be studied in relation to fire response of this 
species.
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CONCLUSIONS
Periodic Fire in Rangelands:
As was noted in the introduction, tire has historically played an important role in 
maintaining the grasslands of the Northern Mixed Grass Prairie. Following nearly one 
hundred years of practiced fire suppression, land managers are currently considering 
reintroducing fire to this area, through a plan of monitoring wildfires without employing 
immediate suppression forces, and using prescribed buming as well.
The results from this study provide valuable information as to the effects of tire 
on key range plant species. The comparisons of plant species cover between bumed and 
matched unbumed sites, and bumed sites o f  different age classes illustrates the immediate 
and long-term effects o f  tire in rangelands. This information will aid land managers in 
implementing tire into existing management plans.
Fire as a M anagement Tool fo r  Range Plant Species Enhancement or Reduction:
Data from this study show that periodic fire can be used in rangelands without 
haiming the major desirable range plant species. Fire can even enhance growth o f some 
species, specifically westem wTeatgrass, blue grama, prairie Junegrass, and Sandberg 
bluegrass. Grasses that remain unaffected by periodic fire are; bluebunch wheatgrass. 
green needlegrass, and crested wheatgrass. (Green needlegrass shows a slight increase in 
cover in the 15+ year period following fire).
Fire can also be used to control some undesirable range plants. Those plants that 
show a significant reduction in cover following fire are: big sagebrush, Japanese brome, 
prickly pear cactus, and clubmoss. Fire does not appear to cause a change in cover values
133
for silver sagebrush. Finally it is important to note that fire can cause an increase in 
fringed sage and greasewood.
Succession fo llow ing  fire:
This study shows that although there is a significant difference in species cover 
values between burned and unbumed sites, there is less of a difference in species cover 
values between the different age classes (successional stages) of bums. Humphrey 
(1984) describes the path of succession after fire on big sagebrush/grass sites in 
southeastern Idaho. The first species to dominate a bumed site are perennial grasses and 
forbs. which sprout from the base o f  the plant after a fire. Sprouting shrubs, which 
require years to regrow to their pre-fire form, are prominent by the 6̂  ̂ year following a 
bum. Shrubs that rely on seed dispersal for reproduction become co-dominants in later 
stages, at which time some herbaceous species are reduced or eliminated.
Implementing Fire into a Management Plan:
Fire can be used to reduce fuel accumulation, to reduce undesirable non-sprouting 
species such as big sagebrush, and through the burning of litter to release nutrients into 
the soil thus making them available to plants. However, these benefits often go 
unattained by landowners, as many ranch operations today preclude any large-scale 
buming. One reason for this is that most ranchers operated at near-maximum stocking 
rates, making it nearly impossible to bum an extensive area and implement a follow-up 
treatment o f  one year’s rest from livestock grazing. Early and heavy grazing the year 
following a bum damages perennial plants and may even kill some species (Wright and 
Klemmedson 1965). Furthermore poor rangelands cannot be managed with fire; they
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must first be restored using other reclamation techniques, and once re-established, fire 
can be implemented as well (Launchbaugh 1972).
Fire Combined with Grazing on Plant Communities:
Fire can be an effective tool if land managers implement it into a steadfast 
management plan. Climate, season o f burn, frequency of bum. t>'pe o f  rangeland, and the 
range condition all need to be taken into account. Furthermore, because grazing animals 
concentrate on bumed areas due to the accessible new green growth, land managers must 
temporarily keep livestock off of these areas in order to give the plants a chance to regain 
vigor. Early and heavy grazing the year following fire damages perennials, and even kills 
some species (Wright 1974b).
One case worth noting occurred in the lowland sagebmsh semi-desert ecosystem 
in the Southern Great Plains. This ecosystem, when periodically disturbed by fire and in 
the absence o f  overgrazing, moved toward a native perennial grass-dominated 
community (West 1983). However, when disturbed by moderate livestock grazing and 
fire, the community o f  perennial grasses contained less-palatable, shorter-lived grass 
species, and an increased amount of sagebrush (West 1983).
In a rangeland study. Young et al. (1987) found that heaw  grazing pressure 
reduced the occurrence o f  perennial grasses, increased the amount of brush on site, and 
allowed invasion of annual grasses, particularly cheatgrass. Annual grasses complete 
their life cycle by early summer, and as they dry they become a source o f  fine-textured 
fuel for wildfires. Annuals are low serai species, and if seed is available, are the first to 
establish a site after disturbance. Thus frequent fires coupled with overgrazing allows 
annuals and brush to dominate.
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Summary;
It is obvious that fire played a key role in shaping and maintaining the grasslands 
o f  the Northern Mixed Prairie. Land managers today can continue the legacy o f  fire in 
prairie grasslands, through the use of prescribed fire and allowing wildfires to bum under 
close monitoring and planning. Fire can be used to enhance the growth of desirable 
forage species while simultaneously reducing the cover of some undesirable range plant 
species.
Future Directions:
By detemiining the fire history and fire regime in the Northern Mixed Grass 
Prairie, land managers have a base to build management policy upon. Results o f  this 
study, depicted as changes in species cover values, show the effects of fire suppression 
and the effects o f  réintroduction of fire to these rangelands. Fire has played a key role in 
maintaining the vegetation types in the Northern Mixed Grass Prairie. The next step is 
for land managers to implement lire into current policies to ensure further maintenance of 
these grasslands.
Educational seminars and provision of pertinent literature to land managers in the 
Northern Mixed Grass Prairie region would allow for discussion and further 
understanding of the benefits of implementing tire into local management plans.
Future studies on fire in the Northern Mixed Grass Prairie should include some of 
the issues not covered in this project. These include determining the various effects of 
lire on vegetation due to season of bum, fire frequency, fire Intensity, and plant 
phenological stage, as well as variation in response to fire due to precipitation in the
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immediate years following fire, and subsequent grazing practices. Each o f these has been 
recognized as being a key factor in determining plant response to fire. Other factors 
which influence plant communities must also be taken into account. These include soil 
type, grazing histor\y present grazing practices, and introduction o f exotic species. These 
factors were not accounted for in this study, and should be addressed in further studies of 
tire effects in this region. Future studies and compilation of past findings will lead to an 
increased understanding o f the effects of fire on plant communities and individual plants 
in the Northern Mixed Grass Prairie.
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Appendix A
G ENERAL PLOT DATA
P l o t  I D  N o . __________
A e r i a l  P h o t o  ( D a t e / I D ) ____________________ / _________________
L e g a l  I D __________T / __________ R / _______S _______ % ( G P S '
R a n g e  T y p e _____________E l e v a t i o n _(______________ )
D a t e  o f  B u r n  ]______ \______
D a v  M o  Y r
H o r i z o n t a l  V a r i a t i o n  in  T r e e  C a n o p y  D a m a g e  b y  F ire :  _ _ |  | | |__
u s c  n i
D e a d  T r e e s .  G r o u n d  C h a r r i n g  a n d  P e r c e n t  o f  C r o w n  S c o r c h :
 : !________
n b a  d b h  u  I m  d c
L i v e  T r e e s  a n d  P e r c e n t  o f  C r o w n  S c o r c h :
n b a  d b h  c
T r e e  H e i g h t  C l a s s :  l i v e  (______ ) d e a d _(______ )
G e o m o r i ) h i c  L a n d f o r m : ____________S l o p e  S h a p e : __
\ ' c g e t a t i o n  C o v e r :
T o t a l  T r e e  C o v e r   P o l e  ( + )   S a p l i n g _ S e e d l i n g _____
T o t a l  S h r u b  C o v e r   T a l l  S h r u b   M i d  S h r u b   L o w  S h r u b
T o t a l  G r a m i n o i d  C o v e r   T o t a l  F o r b  C o v e r __
V e g e t a t i o n  S t r u c t u r a l  C l a s s :   F u e l  L o a d i n g  C l a s s : __
D a y  { M o  | y r  2 4 0 0  h r .
D a t e / T i m e ;  D i s c o v e r y  |______ |____________ T i m e _______
I n i t .  A t t a c k  |______ |______  _____________
C o n t r o l l e d  j |___  ________
D e c l .  O u t  I I ___________________________________
U s e  F i r e  R e p o r t  C l a s s e s  
A s p e c t  (___) C a u s e  ( ) S l o p e  P e r c e n t  C l a s s  ( _ J
F i r e  b e h a v i o r  (___) T o p o g r a p h y  (___)
M o tes  o n  F i r e  W e a t h e r  C o n d i t i o n s ;
6 ' 22/00
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Appendix B
CODING FOR GENERAL FORM
C jc o n io r p h i c  L a i u l f o n n :
B a s i c  L a n d f o r m  C o d e N o .  ( i e o m o r p h i c  L a n d f o r m  T y p e
I p l a n d  L a n d s c a p e s
B r e a  k l a n d s
R i p a r i a n
01 L o w  r e l i e f  r o l l i n g  u p l a n d s
0 2  I o w  r e l i e f  u p l a n d s ,  d e n s e
d r a i n a g e  s y s t e m
0 3  M o d e r a t e  r e l i e f  r o l l i n g  u p l a n d s
0 4  D i s s e c t e d  . I l ing  u p l a n d s
05  D i s s e c t e d  r i v e r  b r e a k s
06  L n d i s s e c t c d  r iv e r  b r e a k s
0 7  S t r u c t u r a l  b r e a k s
08  S t r e a m  h e a d l a n d s
00  F l o o d  p l a i n s / r i v e r  b o t t o m
10 T e r r a c e s
11 C r e e k  b o t t o m
12 B r u s h y  d r a w s
S l o p e  S h a p e
C o d e  a 
1 
2
3
4
5
6
D e s c r i p t i o n  
F la t ,  n o  s l o p e  
E v e n  o r  s t r a i g h t  s l o p e  
C o n v e x  o r  r o u n d e d  
C o n c a v e  o r  d e p r e s s i o n
P a t t e r n e d  ( m i c r o r e l i e f  o r  h u m m o c k  &  sw a le  o r  o t h e r  » 
I a d u l a t i n g  p a t t e r n  o f  l o w  r e l i e f  r id g e s  o r  k n o l l s  a n d  
d r a w s
\'tg e j a t i o n  C o v e r
E s t i m a t e  th e  p e r c e n t  c a n o p y  c o v e r  (0 ,  T ,  P ,  I . . .  F) f o r  e a c h  g r o u p .
T r e e  C o v e r  C l a s s e s
P o l e  +  ; P o l e  s ize  ( 5 - 1 0 "  d . b . h . )  a n d  l a r g e r  f r e e s
S a p l i n g :  S a p l i n g s  a r e  1-5" d .b .h .
S e e d l i n g :  T r e e  s e e d l i n g s  a r e  <  1" d .b .h .
S h r u b  C o v e r  C l a s s e s
f a l l  S h r u b :  
M i d  S h r u b :  
L o w  S h r u b :
6 .5  ft. to  16 .5  ft. 
2 0  in .  to <  6 .5  ft. 
< 2 0  in.
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Appendix C
MrCRO-SCALE STRUCTURAL CLASSES
STRUCTURAL STAGE DEFINITION DESCRIPTION
OPEN UERBI.AND 
1
OPEN CANOPY OF 
HERBACEOUS VEGETATION
> 80% (BGRC + ROCC + GRAC + 
LDC)COVER
CLOSED MIXED HERBLAND 
2
CLOSED CANOPY OF MDtED 
HERBACEOUS VEGETATION
< 80% (BGRC + ROCC + GRAC + 
LDC) COVER AND A 
SIGNIFICANT FORB 
COMPONENT*
CLOSED HERBLAND 
3
CLOSED CANOPY OF STABLE 
HERBACEOUS VEGETATION
< 80% (BGRC 4- ROCC + GRAC + 
LDC) COVER AND AN IN 
SIGNIFICANT FORB 
COMPONENT*
OPEN LOW SHRUBIJVND 
4
OPEN CANOPY OF Ii)W  SIZED 
SHRUBS
> 40% (BGRC 4 ROCC + GRAC + 
LDC; COVER AND AN 
INSIGNIFICANT FORB 
COMPONENT*
OPEN LOW MIXED 
UNDERSTORY SHRUBLAND 
5
OPEN CANOPY OF LOW SIZED 
SHRUBS WITH A NÎIXED 
UNDERSTORY
> 40% (BGRC + ROCC f  GRAC 4- 
LDC) COVER AND A 
SIGNIFICANT FORB 
COMPONENT*
CLOSED LOW SHRUBLAND 
6
CLOSED CANOPY OF LOW 
SIZED SHRUBS
< 40% (BGRC 4- ROCC 4- GRAC + 
LDC) COVER AND AN 
INSIGNIFICANT FORB 
COMPONENT*
CLOSED LOW MIXED 
L?^DERSTORY SHRUBLAND 
7
CLOSED CANOPY OF LOW 
SIZED SHRUBS WITH A MIXED 
UNDERSTORY
< 40% (BGRC 4. ROCC 4- GRAC + 
LDC)COV'ERANDA 
SIGNIFICANT FORB 
COMPONENT*
MDCED SHRUB MIXED 
HERBACEOUS SHRUBLAND
i
A CANOPY OF A 
COMBINATION OF LOW. MID 
AND/OR T.ALL SHRUBS WITH A 
MIXED UNDERSTORY
WHERE NO SHRUB (LOW, MID 
OR TALL) HAS MORE THAN 
10% COVER AND A 
SIGNIFICANT FORB 
COMPONENT*
OPEN MID SHRUBLAND 
9
OPEN CANOPY OF MID SIZED 
SHRUBS
> 40% (BGRC + ROCC 4 GRAC 4 
LDC) AND DOMINATED BY 
MID SHRUBS
CLOSED MID SHRUBLAND 
10
DOMINATED BY A CLOSED 
CANOPY OF MID SIZED 
SHRUBS
< 40% (BGRC -  ROCC -  GRAC 4- 
LDC) AND DOMIN ATED BY 
MID SHRUBS
OPEN TALL SHRUBLAND
1!
DOMINATED BY AN OPEN 
CANOPY OF TALL SHRUBS
A CANOPY OF TALL SHRUBS 
WITH <67%
TOTAL SHRUB COVER 
(SCOVTOT)
CLOSED TALL SHRUBLAND 
i :
DOMINATED BY A CLOSED 
C;\NOPY OF TALL SHRUBS IN 
SEVERAL LAYERS
A CANOPY OF TALL SHRUBS 
WITH > 67% SCOVTOT SHRUB 
1 COVER
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Appendix D
NESTED MICROPLOT PLANT SPECIES DATA
P l o t  I D  N<»_________  T r a n s e c t  N o ___  N o  o f  S p e c i e s  in  T r a n s e c t
N u m b e r  o f  S p e c i e s  in  I N I a c r o p lo t______
r . R O I  N D  C O V E R  
BARF. (;R0IJM )  
GRAVFL  
ROCK  
MOSS
LITTFR'DITF  
B A S A L \E C E T A T IO N  
WOOD
M I C R O P L O T S  
\ 2  ̂ 4 5
SUM
SUM
SUM
SUM
SUM
SUM
SUM
M I C R O P L O T S
PLANT SPF.C1ESD.\TA 1 2 3 4 5
NO I.F NAME FC F( FC FC FC SRF FCC ACC N MHT
1           ______
 3 _____________ ____ _____________________ ______ ____ _________
4 _ ___________ ____ _____________________ ______ ____ _________
5 ______________________________________________ __________ __________ __________ __________ ______________________________ __________________________________
6 _           ___
7 _______ ______________________________ ____________ __________ __________ __________ __________ ______________________________ ___________________ ______________
8            ___
0            __
II) _________________ _____________________ ______ ____ ________
II  ______________ _____________________ ______ ____ ________
     - -      -  - -
13 _ ___________ ______ __ ______ _____ ______ ____ ________
16            _____
r   ___ ______ __________________________ ______ ____ ________
18 . . .   - -  - -       --------
1 6           ___
20            — --------------
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Appendix E
CODING FOR PLANT SPECIES DATA FORM
LT; 1 - T r e e  2 -  Shi uh 3 = <irasscs/Cirass-Like 4 = Forb
FC': F The smallest field on plot
frame that the species in 
present within.
C Estimate the percentage of  
caiiop> coverage o f  each 
species and code as shown
below.
C ode Range of Class
I) 0%
T 0.1 < 1%
P 1 < 5%
1 5 < 15%
2 15 < 2 5 %
3 25 < 35%
4 35 < 45%
5 45 < 55%
6 55 < 05%
7 65 < 75%
8 75 < 85'%,
9 85 < 95%
F 95 -  100%
SRF (Sum o f  Rooted Frequency): Add all “F” values for a species.
FCC (Sum of  Foliar Canopy Cover): Add mid points of  "(?” values for a 
species. For example:
T = 0.5% (round to 1%)
P = 3%
1 =  1 0 %
2 =
3 = 30%  
etc.
AC C (Average Canopy Cover): Calculate as the Sum FCC/5 (round to 
nearest %).
N = number of microplots that species occurs in.
M HT =  average height of that species svithin the plot (ft.)
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Appendix E
CO DING  FOR PLANT SPECIES DATA FORM
L F : 1 =  T r e e  2 =  S h r u b  3 =  G ra s s c s /G ra s s -L ik c  4 =  F o rb
F C : F  T h e  sm a lle s t  f ie ld  o n  p lo t
f r a m e  th a t  th e  sp ec ie s  in  
p re s e n t  w ith in ,
C  E s t im a te  th e  p e rc e n ta g e  o f  
c a n o p y  c o v e ra g e  o f  eac h  
sp e c ie s  a n d  co d e  a s  show  n
below .
C o d e R a n e e  o f  C la ss
0 0 %
T 0.1 <  1 %
P I <  5 %
1 5 < 1 5 %
2 15 <  2 5 %
3 25 <  3 5 %
4 35  <  4 5 %
5 45 < 5 5 %
6 5 5  <  6 5 %
7 65 <  7 5 %
8 75 <  8 5 %
9 85 <  9 5 %
F 9 5 - 1 0 0 %
S U F  (S u m  o f  R o o ted  F re q u e n c y ) ;  A d d  a ll “ F ” v a lu e s  f o r  a  sp ec ie s .
F C C  (S u m  o f  F o l ia r  C a n o p y  C o v e r) :  A d d  m id  p o in ts  o f  “ C ”  v a lu e s  f o r  a 
sp ec ies , f o r  e x a m p le :
T  =  0 .5 %  ( ro u n d  to  1 % )
P  =  3 %
1 =  10%
2 =  20%
3  =  3 0 %  
e tc .
A C C  (A v e ra g e  C a n o p y  C o v e r) : C a lc u la te  a s  th e  S u m  F C C /5  ( ro u n d  to  
n e a r e s t  % ) .
N = n u m b e r  o f  m ic ro p lo ts  t h a t  sp ec ies  o c c u rs  in .
M H T  =  a v e ra g e  h e ig h t o f  th a t  sp ec ie s  w ith in  th e  p lo t  (ft.)
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